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PEEFACE. 






To Engineers and Builders in Iron and Steel this volume is 
presented, with the hope that it may be of assistance to them in 
their daDy labors, and afford information upon some points 
which have not heretofore been put in published form. It has 
been the aim of the author to eliminate as far as possible mat- 
ters of theory from statements of facts, that, where conflict of 
opinion may arise, each one may draw his own conclusions. It 
was considered advisable to treat only of subjects relating to 
Iron and Steel, referring to any of the numerous engineers* 
pocket-books for information upon outside matters. 

As far as possible, doubtful points were corroborated by ex- 
periments, and especially the article upon "Struts" is based 
upon the results of several hundred carefully conducted experi- 
ments at Pencoyd, for more detailed information concerning 
which we would refer to two papers by Mr. Jas. Christie, pub- 
lished in the Transactions, of the American Society of Civil En- 
gineers, entitled, *• Experiments on the Strength of Wrought 
Iron Struts," and *' The Strength and Elasticity of Structural 
Steel," wherein the above experiments are fully described. 
Hereafter should errors be detected by a more perfect knowledge 
of the physical properties of the materials treated of, we shall 
be glad to acknowledge the same, but now offer the following 
pages as the best results we are able to obtain from present 
practice. 

A. & P. ROBERTS & CO. 
Penootd, May, 1884. 



PEEFACE TO SECOND EDITION. 



In preparing the Second Edition for the press we have cor- 
rected some small errors occurring in yarious places in the first 
edition, which were discovered after its publication. A few new 
tables of weights of separators for beams, of bolts, nuts and 
rivets, which were deemed useful in architectural calculations, 
have been added. Some additional shapes are described, and 
several old sections of beams and channels changed to more effi- 
cient forms, by better distribution of material in the flanges. 
At the present writing we have no alterations to make in our 
conclusions in regard to steel, our experiments up to date seem- 
ing to confirm our results as then announced. 

A. & P. ROBERTS & CO. 

PsNOOTD, Jacaarj, 1865. 



PREFACE TO THIRD EDITION. 



MoBB than a year has elapsed since the publication of the first 
edition of this little volume, and we are now preparing a third 
for the press. A few new sections have been added and several 
errors overlooked in the earlier editions corrected, so that we 
believe very few, if any, now exist. Our conclusions in regard 
to struts, based upon Mr. Christie's experiments, have stood the 
test of publication and criticism, and we think at this day can 
be said to have more fully the stamp of authority than when 
first issued. We trust this Hand Book has and will continue to 
be of value to all who daily use wrought iron and steel in con- 

stniction. 

A. & P. ROBERTS & CO. 
Pbncotd, July, 1886. 



CONTENTS. 



PAGKS 

TABLES OP DIMENSIONS 1-16 

STRENGTH OP WROUGHT IRON 17-23 

STRUCTURAL STEEL 24^31 

STRENGTH OP IRON BEAMS 32-39 

TABLES POR I BEAMS 40-45 

TABLES POR CHANNEL BEAMS 46-49 

TABLES FOR DECK BEAMS 50, 51 

IRON PLOOR BEAMS 52-55 

TABLES POR PLOOR BEAMS 56-62 

BEAMS SUPPORTING BRICK ARCHES AND 

WALLS 63-66 

APPROXIMATE PORMUL^ POR BEAMS 67-77 

BENDING MOMENTS AND DEFLECTIONS 78-81 

BEAMS SUPPORTING IRREGULAR LOADS 82-84 

BEAMS SUBJECT TO BENDING AND COM- 
PRESSION. 84-87 

ELEMENTS OP STRUCTURAL SHAPES 87-91 

TABLES OF ELEMENTS 92-101 

MOMENTS OF INERTIA 102-111 

RADII OF GYRATION 112-113 

ROLLED STRUTS 114-153 

TABLES OF I BEAM STRUTS 124-134 

" ANGLE *' 138-140 

" TEE " 142,143 

" CHANNEL STRUTS 144-153 

COLUMNS 154-159 



Tl CONTENTS. * 

PAOKS 

RIVETS AND PINS 160-162 

STRESSES IN FRAMED STRUCTURES 163-169 

WROUGHT IRON SHAFTING 170-177 ^ 

PROPERTIES OF CIRCLES 178-183 

WEIGHT OP ROLLED IRON 184, 185 

DECIMAL EQUIVALENTS FOR FRACTIONS 186 

ILLUSTRATIONS 

For a full detail of the contents see Index. 



WKOUGHT IRON AND STEEL IN 
CONSTRUCTION. 



TABLES OF DIMENSIONS. 

The following tables give the principal dimensions of the 
standard shapes of structural iron and steel rolled at Pencoyd. 

Further particulars of the sections will be found in the illus- 
trations at the end of the book. 

For beams and channels the least and greatest sections of 
each size are described in the preliminary tables. Any inter- 
mediate sectional areas between the maximum and minimum can 
be rolled, but the flanges remain unaltered, the web only being 
thickened. The weights per yard corresponding to increased 
web thicknesses are given in annexed tables. For angles, any 
thickness between the maximum and minimum can be rolled, 
corresponding weights for the principal intermediate thicknesses 
being given in the tables. 

The legs of angles increase slightly in width as the thickness 
is increased. This renders the actual weights corresponding to 
given thickness somewhat uncertain. Therefore either the de- 
sired thickness or weight per yard should be specified, but not 
both. (The methods of altering the thickness of the foregoing 
sections, are illustrated in plate No. 28.) The cross-hatched 
sections represent the least areas, and the blank section the added 
thickness. 

Tee sections cannot be altered from the standard as given in 
the tables. Flat bars can be rolled to any thickness between the 
limits given in the list. 
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TABLES OP DIMENSIONS. 



WEIGHTS OF VARIOUS WEB THICKNESSES. 
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Minimum Weight per 
yard. 


Approximate Weight in pounds per yard for each 
Thickness of Web in inches. 

(Calculated upon the basis that one Cubic Foot of Iron 

weighs 480 lbs.) 




i 


A 


f 


tV 


i 


5 

8 


i 


i 


1 


200.0 
145.0 








214.0 
192.0 
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33.0 


55.0 
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Beams of any weight between the minimum and maximum weight 
per yard, given in the table, can be furnished. 
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4 WKOUGHT IBOII AlTD BTEEL. 

SIZES OF MINIMUU AND MAXIMUM SECTIONa 
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TABLES OT DIHENSI0N8. 5 

WEIGHTS OB" VABIOCa WEB THICKNESSEB. 
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Channels of any weight between the minimum and maximui 
weight p«r yard, giren in the table, can be furnished. 
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I WROUOHT ntON AND STEEL 

SIZES OF MINIMUM AND MAXIMUM SECTIONa 
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TABLES OP DIMENSIONS. 



WEIGHTS OF VARIOUS WEB THICKNESSES. 
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Minimum Weight per 
yard. 


Approximate Weight in pounds per yard por 
EACH Thickness of Web in inches. 

Calculated upon the basis that one Cubic Foot of Iron 

weighs 480 lbs. 
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WBOUGHT mON AND STEEL. 



PENOOYD 




ANGLES. 



EVEN LEGS. 



WEIGHTS PER YARD OF VARIOUS THICKNESSES. 



One cubic foot weighing 480 lbs. 



Chart 
Number. 


Size in 
Inchks. 
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57.5 
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64.3 
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77.8 
64.0 
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90.6 
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6.9 
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PENCOYD 




ANGLEa 



UNETEN LEGS. 



WEIGHTS PER YARD OP VARIOUS THICKNESSES. 
One cnbic foot weighing 480 Ibfl. 



Chart 
Number. 


SiZB 
IN 

Inches. 
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41.8 
37.4 
85.1 
33.0 
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47.5 
42.5 
40.0 
37.5 


53.0 
47.4 
44.6 
41.7 
39.0 
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58.6 
52.3 
49.2 
46.0 
43.0 
43 
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I 


140 


6 x4 


69.4 7» Rflfl n 








32.3 
30.5 
28.6 
26.7 
?6.7 
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58.1 
54.4 




141 


5 x4 


71.1 8n n 
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5 x3i 








■ • • • 


• • • • 
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5 x3 




144 


4^x3 


30.9 35.0 
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4 x3i 


80 935.0I39.0 






11.9 






28.7 32.5 36.2 39.8 








146 


4 x8 


21.021 8 






• • • • 

16.2 


23.0 


26.5 


30.0 33.4 36.7 








147 


8ix8 

















148 3 x2i 


19.222.1 


25.0 
22.5 
27,5 
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3 x2 


14.617.319.9 

1 1 

17.8 21.124 3 

! 1 
















150 3ix2J 
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6 x3i 




34.5 30.fi! 


4*5.0 50.3' 


55.565.6 


75.585.0 
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44.050.055.9'61.7' 
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84.2 95.0 
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10.7 
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17 790 n 
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2ixU 


12.6 
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2 xli 





















10 



WROUGHT IBON AND STEEL. 



PENOOTD 




ANOLSa 



SQUARE BOOT. 



WEIGHTS PER YARD OP VARIOUS THICKNESSES. 



One cubic foot weighing 480 lbs. 



Chart 
Number. 


Size in 

INOUES. 
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A 
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A 
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28.6 
24.8 
21.2 
19.2 
17.3 
15.5 
13.6 
11.7 


33.0 
28.7 
•24.4 
22.1 
19.9 
17.8 


i 

37.6 
32.5 
27.5 

25.0 


41.8 


i 


160 


4x4 


46 










20.8 

17.8 

16.2 

14.6 

13.1 

11.5 

9.9 

8.4 

7.0 




161 


3i X 3i 










UA 

13.1 

11.9 

10.6 

9.4 

8.1 

6.9 
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4.4 

5.9 
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3x3 
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2i X 2i 














164 


2i X 2i 
















165 


2i X 2i 
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PENOOYD 




TEB& 



EVEN LEGS. 



1 
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• 
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Thtcknees of 
base. 


Thickness of 
base. 


Thickness of 
stem. 


Thickness of 
stem. 


WEIGHT 
PBB YARD. 
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B 
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E 


C 
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70 


4 


4. 


A 


A 


iV 


i 


36.5 lbs. 


71 


3i 


8J 


tV 


i 


tV 


i 


31.0 lbs. 


72 


3 


3 


il 


M 


iV 


i 


26.0 lbs. 


73 


2i 


2i 


if 


41 


a 


if 


19.5 lbs. 


74 


2^ 


3i 


ii 


4J 


H 


if 


17.52 lbs. 


75 


3i 


3i 


i 


f 


i 


i 


11.75 lbs. 


76 


2i 


2i 


i 


T^ 


i 


A 


12.0 lbs. 


77 


2 


2 


i 


A 


i 


A 


10.5 lbs. 


78 


n 


IJ 


A 


J. 

4 


A 


i 


7.1 lbs. 


79 


H 


n 


3, 
id 


i 


A- 


i 
i 


6.0 lbs. 


80 


li 


H 


A 


i 


A 


4.5 lbs. 


81 


1 


1 


A 


i 


W 


i 


3.0 lbs. 


82 


3 


3 


n\ 


i 


A 


H 

K 


19.3 lbs. 


83 


3 


3 


3 


iV 


i 


A 


23.6 lbs. 



Weights of these sections cannot be varied. 
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X7NETEN LEGS. 



1 

D 

!Z5 
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Thicknese of 
base. 


Thickness of 
base. 


Thickness of 
stem. 


Thickness of 
stem. 


WEIGHT 
PER I'ARD. 




A 


B 


D 


B 


C 


P 




90 


4i 


8i 


fff 


4 


H 


i 


44.5 lbs. 


91 


4 


8i 


V'ff 


* 


re 


4 


41.8 lbs. 


92 


5 


24 


i 


f 


iV 


H 


30.7 lbs. 


93 


5 


24 


A 


-At 


iV 
a. 

8 


44 


33.0 lbs. 


94 


4 


8 


ii 


IV 

T^ 


» 


25.9 lbs. 


95 


4 


8 


T^ 


A 


>< 


25.25 lbs. 


96 


4 
3 


3 


Vfe 


A 




1^ 


20.4 lbs. 


97 


34 


iV 


4 


T^ff 


i 


28.25 lbs. 


98 


3 


24 


2 


tV 


4 


8 


23.8 lbs. 


99 


3 


14 


1 

4 


i 


4 


44 


11.2 lbs. 


ICO 


2i 


n 


i. 

4 


4 


i 


A 


9 . 1 lbs. 


101 


2 


14 


i 


4 


T^ 


8.75 lbs. 


103 


2 


1 


4 
i 


J. 
4 


4 


#? 


7.0 lbs. 


108 


2 


A 


44 


A- 


A 


5.88 lbs. 


104 


2} 


H 


4 




i 


18.75 lbs. 


105 


2J 


2 


44 


1 

K 


21.0 lbs. 


106 


5 
5 


84 


4 


+4 


48.4 lbs. 


107 


4 


4 


4 


4 


4S 


44.1 lbs. 


108 


2i 


A 


i 


i 


A 


A 


6.5 lbs. 


109 


4 


44 


tV 


■ftr 


4 

f 


38.5 lbs. 


110 


3 


24 


A 




T^- 


17.6 lbs. 


111 


3 


a4 


2 


A 


T^ 


J 


20.6 lbs. 



Weights of these sections cannot be varied. 
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PENOOTD 




ANGLE OOVERa 



WEIGHTS PES TASD OF VARIOUS THICKNESSES. 



One cubic foot weighing 480 lbs. 



CHART 
HUVBKB. 


SIZE IH 
INCHES. 


i 


■h 


i 

14.3 
13.0 
11.8 
10.5 
9.3 


17.7 
16.1 
14.5 
13.0 
11.4 


21.0 
19.1 
17.2 
15.4 
13.5 


24.2 
22.0 
19.9 

17.7 


27.4 
24.9 
22.4 


1% 

30.5 


i 


180 


3x3 


33.6 










181 


2| X 2| 






■ • • • 

• • • • 

• • • • 


« * • • 

«... 
7.0 


• • • • 




182 


2i X 21 


■ • • • 


183 


2i x2i 












184 


2x2 
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SIZES OF PENCOYD BAE lEON. 



FLATS. 



1 X i 

lA X i 

1-iVx i 

U X i 

1-.% X f 

lA X i 

li X ^ 

lAx I 

It ^ i 

mx t 

iiVx H 

li X i 

iHx f 

1^ X i 

li X i 

iSix f 

2 X i 

2A X 1^ 

2i X i 



inches to 



inches. 



<( 
<( 
<< 
(< 
(< 
(( 
tt 
it 
(< 

(( 
(< 
(( 
<( 
i( 
(< 



1 
1 
1 
1 
1 
1 
1 

1.% 
lit 

lA- 

n 

lA 
i-iV 

l| 

U 

8 



1^ 



<( 
(( 
(< 
i( 
(< 
(( 
(» 
i( 
<( 
(( 
H 
(< 
(( 
(( 
(( 
<( 
<< 
(( 



X li inches to 2 inches. 
II- 

■*-8 




(( 



3 

2* 

2* 

2J 

S 

2 

2 

8J 

2 

3i 

8 

8 

2J 

2| 
2* 
2* 



(( 



it 



it 



it 



it 



a 



a 



it 



it 



it 



it 



it 



it 



n 



it 



it 



*( 



SQUARES. 

U". li", li", U", If", IJ", 3", 2i", 2i", 2}", 3", 34", 
3i", 3}", 4" and 4{". 




ROUNDS. 

S5", 8i", i". gf ". iV, SJ". «t", ?l", f", *i", H", 

i&" il" a" 4a" J-3" 43" 54" S&" 1" 51" 15" tlL" 
6 4 * 64 > 4 » h 4 > 16 • 6 4 > 67 » H4 > 8 » ^4 » 16 » 64 > 

H", n", 1". w, w, 1^", u", 1A-". w. ur', 

li", IH", i-Ar", If", i-iVMi", liV', If", If", U", 

2", 2^', 2i", 21", 2k", 2^', 2i", 2^', 3", 3i", 3i", Sf", 3i", W, 
3f ", 3i", 4", 4^", 4i", 4f ", 4i", 4r', 4}", ^", 5", 5i", 5i", 5i", 
6", 6i" and 7". 

HALF ROUNDS. 



I", 1", U", li", If", 2", 2i", 2i", 21", 3", 3i" and 3i", 




MISCELLANEOUS SHAPES. 
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Two gmdee of iron are manufactured, known respectirelj as 
" Pencoyd Reflned " and " Pencoyd High Teat," the totmer for 
all ordinary requireoients, the latter for tension members of 
stmcturas and all purposes where a uniform iron of high duc- 
tility is required. 



10 X AEEA IK HtCHBB = WEIOBT FEB TABD IN LBS. 



In any rolled section of wrought iron, the weight in 
yard, is' precisely equal to ten times its sectional area i 

Consequently, either value being known, the other ca 
stantly obtained. 



■ square 




AXLES. 




MASTER CAR-BUILDERS' STANDARD-AXLE 

Hammered or rolled ftxlea of iron or steel, centred and 
straightened with journals forged or rough-turned, made to con- 
form to speci^ations and testa. 



STRUCTURAL WORK 

The fitting, punching, and riveting of stnictunl work exe- 
cuted, and iron castings furnished to order. 



r 
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MISCELLANEOUS SHAPES. 



CAE BUILDERS' CHANNEL. 

Chart No. 33. 
Weight per yard = 50 to 55 lbs. 



TEN-INCH BULB PLATE. 

Chart No. 68. 

Weight per yard = 62 lbs. 



MINERS' TRACK RAIL. 

Chart No. 190. 
Weight per yard = 25 lbs. 



SPLICE BAR FOR MINERS' TRACK RAIL. 

Chart No. 191. 
Weight per yard = 5 . 2 lbs. 



SLOT RAIL FOR CABLE ROAD. 

Chart No. 192. 

Weight per yard = 26 lbs. 



HALF OVALS. 

Chart No. 193 = 4.3 lbs. per yd. 
Chart No. 194 = 4.8 lbs. per yd. 

Channel Rail* Chart No. 195 = 3.5 lbs. per yard. 



GROOVED BARS. 

Chart No. 196 = 8.4 to 14.7 lbs. per yard. 

197 = 13 5 to 21 .0 lbs. per yard. 

198 = 20.9 to 34 5 lbs. per yard. 






STRENGTH OF WROUGHT IRON. 
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STRENGTH OP WROUGHT IRON. 

The tensile strength of rolled iron varies according to the quality 
of the material, the mode of manufacture, and the sectional area 
of the bar. In general terms the ordinary sizes of bars of good 
material may be accepted as having an ultimate tensile strength 
of 50,000 lbs. per square inch of section, an elastic limit of 
80,000 lbs., and will stretch 20 per cent, in a length of 8 inches 
when tested up to rupture. 

It is, however, as easy to produce the smaller sizes yielding 
results 10 per cent, higher than the above, as it is difficult to 
make the largest sections with a limit 10 per cent, below the 
same figures. 

Dividing rolled iron into three classes according to its sectional 
area, we have: 

I.— Bars not exceeding 1| square inches area, 
n. — Bars from H to 4 square inches area. 

III. — Bars from 4 to 8 square inches area. 

For which experiments give the following figures as average 
results. 



CLASS. 


TENSn^K BTBBNQTH 
PES SQ. INCH. 


BLASTIO LIMIT 

PER BQ. nroH. 


ELONGATION IN 
8 INOHBB. 


I. 

n. 
HI. 


53,000 lbs. 
50,000 " 
48,000 " 


83,000 lbs. 
80,000 " 
28,000 " 


25 per cent. 
20 ** '* 
18 ** " 



These, however, are only general conclusions, as much depends 
on the shape of the section, the method of rolling, and the 
reduction of area from the pile to the finished bar. 

The following tensile tests are actual averages taken from our 
records, and were made on specimens cut from bars of the sizes 
and shapes given, and intended for use in bridges, and to con- 
form to the specifications of the leading railroad companies. 
2 
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Bib. 


II 




■S5 

f 


2l 
ill 




One-inch ronnds. 


63.S10 

50.985 


32,160 

'ii.wno 


26 

1ft fl 


89 




Two-inch rounda. 





COMPBESSION. 

The power of wrought iron to resist compression is usually 
taken as equal to its tensile strength. In the form ot flanges for 
solid beams, this property is exerted to its foil capacity, as the 
adjacent portion of the mnterial in tension sustains the portions 
in compression from buckling, even when the length of the 
beam becomes very considerable. But in the form ot struts and 
columns, when the piece becomes of considerable length in pro- 
portion to its cross-section, failure occurs by bending, or com- 
bined bending and cnishiog. (See article on Struts,) Judging 
from many experiments we have made on bars secared from 
bending nnder compressire stress, the elastic limit in compres- 
sion is a little lower than in tension, but the formernot so clearly 
defined as the latter ; practically they may be considered as 

These reeulta were derived from small sections; in large seotbns 
there may be more equality, as some ezperimeuts hereafter de- 
scribed would denote. 

Wiih pressures varying from 2S,000 to 35,000 lbs. per square 
inch, the elastic limit Is attained. With 50,000 lbs. per square 
inch a permanent reductimi of 3i per cent, of the length is pro- 
duced; with 75,000 lbs. a reduction of 8 per cent, and with 
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100,000 lbs. per square inch the permanent reduction of length 
\b about 8 per cent These results have a wide range of varia- 
tion, but the figures are the averages of several experiments. 

ELASTICITY OF ROLLED IRON. 

The elasticity of wrought iron, or its ratio of change of length 
under stress below the elastic limit, varies more extensively than 
any other property of rolled iron. Experiment shows a varia- 
tion of over 100 per cent, in extreme cases. 

The modulus of elasticity is an imaginary load, which, suppos- 
ing the material to be perfectly elastic, would cause the iron to 
double its length under tension, or to shorten its length one-half 
under compression, and return to its original length when re- 
leased from stress. This modulus is usually assumed at 29,- 
000,000 lbs. In large sections of properly prepared material the 
tensile elasticity probably averages a little over this, and the 
compressive elasticity a little below it. 

The following results of the tests for comparative elasticity in 
tension and compression, will serve to illustrate the irregularity 
of the elasticity; also, see tests of iron and steel cut from beams, 
given hereafter. 
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Two pieces of J -inch square iron cut from same bar. 
Measured length of each specimen = 12 inches. 
Area of each specimen = .556 square inch. 
Pressures in lbs. ; change of length in inches. 



Tensile Test. 


CoMPUEssiVE Test. 




Elongations. 




' Reduction of length. 


Pressure per 
sq. inch. 


Load on. 


Load off. 


Pressare per 
sq. inch. 


Load on. 


Load off. 


5.000 


.002 


.000 


5,000 


.002 


.000 


10,000 


.0045 


.000 


10,000 


.0035 


.000 


15,000 


.0065 


.000 


15.000 


.005 


.000 


20,000 


.0085 


.000 


20,000 


.006 


.000 


22,000 


.010 


.000 


22,000 


.007 . 


.000 


24,000 


.0105 


.000 


24,000 


.008 


.000 


26,000 


.0115 


.000 


26,000 


.009 


.000 


28,000 


.012 


.000 


28,000 


.0095 


.000 


80,000 


.013 


.000 


30,000 


.010 


.000 


32,000 


.0135 


.000 


32,000 


.011 


.000 


34,000 


.0145 


.000 


34,000 


.020 


.0035 


36,000 


.0155 


.001 


36,000 


.028 


.0045 


38,000 


.1715 


.1495 


38,000 


.027 


.010 


40,000 


.3835 


.3605 


40,000 


.107 


.089 


50,000 


1.326 


1.2945 


50,000 


.272 


.246 


53,820 


3.093 




60,000 


.464 


.435 








70,000 


.671 


.639 


Specimen broke with 53,820 


80,000 


.845 


814 


lbs. per square inch. 


90,000 


1.074 


1.042 


Stretched 3.093 in 12 in. 






2.187 in 8 in. 


Modulus 


of elasticity 


" 27.3 per cent, m 8 in. 




= 35,300,000 lbs. 


Fractured area = .3364 






Modulus of elasticity 

= 27,420,000 lbs. 
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Two pieces of j-inch round iron out from same bar. 
Measured length of each specimen = 12 inches. 
Area of each specimen = .449 square inch. 
Pressure in lbs. ; change of length in inches. 



Tensile Test. 



Pressure per 
sq. inch. 



5,000 
10,000 
15,000 
20,000 
2i,000 
24,003 
26,000 
28,000 
80.000 
82,000 
84,000 
86,000 
38,000 
40,000 
60,000 
61,600 



Elongations. 



Load on. 


Load off. 


.002 


.000 


.004 


.000 


.006 


.000 


.008 


.000 


.009 


.000 


.010 


.000 


.0105 


.000 


.011 


.000 


.018 


.000 


.014 


.(iOO 


.015 


.002 


.022 


.007 


.416 


.899 


.544 


.523 


1.740 


1.707 


2.468 





Specimen broke with 51,600 
lbs. per square inch. 
Stretched 2.408 in 1'3 in. 
1.81 in 8 in. 
'* 22. 6 per cent, in 8 in. 

Fractured area = .297 sq. in. 

Modulus of elasticity 

= 29,400,000 lbs. 



Compression Test. 



Pressure per 
sq. incD. 



Reduction of length. 



Load on. 


Load off. 


.002 


.000 


.005 


.000 


.007 


.000 


.010 


.000 


.011 


.001 


.012 


.002 


.013 


.003 


.015 


.0045 


.oas 


.0065 


.02-^5 


.007 


.0275 


.009 


.040 


.019 


.002 


.036 


.183 


.114 


.804 


.283 


.427 


.403 


.546 


.521 


.663 


.635 


.773 


.742 


.896 


.862 



5,000 
10,000 
15,000 
20,000 
2>,000 
24,000 
26,000 
28,000 
80,000 
82,000 
84,000 
86,000 
88,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 
100,000 



Modulus of elasticity 

=24,490,000 lbs. 
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A series of tests was made on the United States Gk>vemment 
testing machine at Watertown Arsenal, on the full-sized bars, 
of which the following is a condensed average. 

TENSILE TESTS. 



MoDB OP Manu- 
facture. 



Single rolled. 
Double rolled. 
Single rolled. 
Double rolled. 



a 
c 



3x1 
3x1 

5xli 
5xli 



C ¥ 

S . 
r CO 



50,600 
58,500 
49,800 
51,000 



•Sp 


^ hi 


Jt 


£ 


« .. 


-^ Im 


£ 


oS. 


■si . 




t; y *- 


» » 


s 08 a 


S£ 


"sSs 


pq 


(Si 


28,600 


29 


30,100 


82 


• 26, 100 


21 


27,20a 


28 



OD 

G8 

s 



28,200,C00 
27,885,000 
27.930,000 
28.920,000 



The <' single and double rolled " means the number of work- 
ings from the puddled bar. 

A number of experiments on large columns with the same 
machine gave the following results, — also the tensile results, 
for the iron used in the construction of the columns. 



Wrought iron in compression 
Wrought iron in tension 



Elastic Limit. 



27,500 
31,600 



Modulus op 
Elasticity. 



29,COO,000 
1:9,100,000 



The modulus of transverse elasticity as applied to our tables of 
deflections is taken at 26,000,000 lbs. It is a hypothetical quan- 
tity, derived by means of formulas, which are given elsewhere, 
and which assume that the resistances to tension and compressioa 
are equal, and that the successive fibres of iron, from the neu- 
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tral axis outward act independently of each other, neither of 
which statements are correct in fact. 

It is probable that this modulus, with the same material, will 
Tary with each change of section, and possibly also with changes 
of length, and conditions of load. 

SHEARING. 

Under the conditions that shearing stresses are usually applied 
in structures, the shearing strength of wrought iron is about 
eight-tenths of the tensile, viz. , 40,000 lbs. per square inch of 
section. But when subjected to the action of properly prepared 
cutting knifes, the resistance to shearing is much less than this. 

TORSION. 

The resistance to twisting is proportional to the cube of the 
diameter. When the shearing strength is known, the torsional 
strength of any round shaft can be determined as follows : T = 
1.57 ^. r = radius of shaft in inches. « = shearing strength 
in lbs. per square inch. T = the torsional moment in inch lbs., 
or the force in lbs. multiplied by the leverage in inches with 
which it acts. 

In practice, however, torsion is usually accompanied by bend- 
ing stresses, which must be always considered when determining 
the proportions of shafts. See article on Shafting, page 170. 
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STRUCTURAL STEEL. 

The various grades of steel used in structures possess such an 
extended range of physical properties that it is impossible to 
present as definite a basis for strength, stiffness, etc., as can be 
given for wrought iron. 

The character of the material is largely determined bj its 
combination, in minute proportions, with various substances, the 
most important of which is carbon. 

As a general rule the greater the percentage of carbon in the 
steel, the higher will be its tensile strength and the lower its 
ductility. The following list exhibits the average tensile re- 
sistances for steels having given proportions of carbon: 





• 

Tensile Strength in Pounds per 
S<)UARE Inch. 


Ducrn.iTT. 


Pebcvntaos 






OF Carbon. 










Ultimate 
Tenacitt. 


Klartic Luit. 


Ultimate Elonga- 
tion IN 8 Inches. 


.10 


60000 


36000 


26 per cent. 


.15 


66000 


40000 


24 


.20 


74000 


45000 


22 


.25 


82000 


50000 


20 


.30 


90000 


55000 


18 


.86 


100000 


60000 


16 


.40 


110000 


65000 


14 



These figures, however, are only approximate, as much de- 
pends on the quality of the steel, and also the extent to which 
it has been worked in the rolling process. 

The grades below .15 per cent, carbon are known conven- 
tionally as " mild steels," owing to their high ductility and to 
their possessing but very moderate hardening properties when 
chilled in water from a red heat. 
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The mild steel has also superior welding properties, as com- 
pared with hard steel, and will endure higher heat without 
injury. 

8ieel whose carbon ratio does not exceed . 10 per cent, should 
be capable of doubling flat without fracture, when chilled in the 
coldest water from a red heat. 

Steel of .12 carbon should endure similar treatment when 
chilled in water of 80" F. 

When the carbon percentage is .15 the steel should be capable 
of bending at least 90°, oyer a curve whose radius is three or 
four times the thickness of the specimen operated upon, and 
after being chilled from a red heat in water of SO"" F. 

Steel having .85 to .40 per cent, carbon, will usually harden 
sufficiently to cut soft iron, and maintain an edge. 

There is much variation from the aforesaid hardening proper- 
ties in different qualities of steel, as much depends on the influ- 
ence of other hardening agents besides carbon. 

The modem tendency is to limit the use of steel for structural 
purposes to the milder grades of the material. For steel in 
steamships the United States Government specifies as follows : 
** Steel to have an idtimate tensile strength of not less than 
60,000 lbs. per square inch, and a ductility of not less than 25 
per cent, in 8 inches. The test piece to be heated to a cherry- 
red and chilled in water at a temperature of 82° F. After this 
it must be capable of bending double flat under the hammer 
without cracking." It requires about .11 to .12 carbon steel to 
endure this test. 

" Lloyd's " rules require the steel to have an ultimate tenacity 
of not less than 60,000, or not over 70,000 lbs. per square inch, 
with an elongation of at least 16 per cent, in 8 inches. This 
steel, when heated to redness and chilled in water of 82** F., 
must bend double without fracture around a curve of which the 
diameter is not more than three times the thickness of the piece 
tested. For a cold test without hardening, the material most be 
capable of doubling flat and bending backward without fracture. 

Angles and beams for ship-frames may have a tenacity of 
74,000 lbs., providing the bending tests are satisfactory, and the 
welding property is unimpaired. It requires about .12 to .14 
carbon steel to meet these specifications. 
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We hare made numerous experiments on steel oi sereral 
grades and in various forms, but the resistance under stress is 
so uncertain that a fair statement of its physical properties can- 
not be satisfactorily given until an ezhaustiye series of experi- 
ments has been made on material of definite composition. 

We present the average results of experiments on the strength 
and elasticity of " mild " and^' hard" steel, also the compara- 
tive resistance of these materials in the form of struts. The 
** mild steel " had an average carbon ratio of .12 per cent., and 
the '* hard steel " an average carbon ratio of .36 per cent. The 
average strength and elasticity of wrought iron is inserted for 
the purpose of exhibiting the characteristics of the steel and 
iron. As in the case of the steel, the several values given for 
iron are the results of a few special experiments. 



Hatebial. 


Tknsii.k Strength in 
Lbs. pxb Square Inch. 


DucTn.iTY. 


Modulus of 

Elasticity in 

Lbs. 


Ultimate 
I'bnacitt. 


Elastic 
Limit. 


Elongation in 
8 Inches. 


Iron 

Mild steel. ... 
Hard steel... 


51000 

64000 

100000 


31000 
89000 
56700 


19 per cent. 
24 ** 
18 


28400000 
29300000 
29280900 



From the same material tho following results for compression 
were obtained. 

COMPRBSSIVE BE8ISTA17CE. 



Material. 


Elastic Limit in Lbs. 
PER Square Inch. 


Modulus of 
Elasticity. 


Iron 


29500 
37400 
55700 


27090000 


Mild steel , 


24760000 


Hard steel 


24570000 







STBUCTURAL STEEL. 
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TRANSVERSE STRENGTH. 

A series of experiments was made on the transverse strength 
And elasticity of round bars from 8 to 4 inches in diameter, and 
flanged beams varying from 3 to 12 inches deep, and from 8 feet 
to 20 feet in length. For the purpose of making a compact ex- 
hibit of the resistance of beams of various lengths and cross sec- 
tions, the results of the experiments were condensed to the 
method of the ensuing table, in which 

J? = the modulus of maximum resistance. 

Bi = the modulus of resistance at the elastic limit. 

JE = the modulus of transverse elasticity. 

P p __ bending moment x depth of beam ^ 
* ~" 2 X inertia 



-, __ Weight X cube of length , 
*" 48 X Inertia x deflection 

The ultimate resistance was taken at that stage of the experi- 
ment where increase of deflection occurred without increase of 
load. 



Material. 


S 


Si 


E 


Iron 


44700 lbs. 
52800 " 
80200 " 


81000 lbs. 
89500 " 
54500 *• 


27600000 lbs. 


Mild steel 


29700000 " 


Hard steel 


27200000 ** 







As is well known, the elasticity of iron is so variable and 
uncertain, that no definite value can be assigned to it except 
by taking the averages of numerous experiments. Steel 
possesses the same uncertain elasticity, especially under trans- 
Tcrse and compressive stresses. 

The elastic moduli in tension varied from 27 to 83 millions of 
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pounds, in compression from 21 to 33 millions, and transversely 
the modulus of elasticity varied from 23 to 33 millions of 
pounds. 

It is probable that there is not much difference on the whole 
between the transverse elasticity of iron and either grade of 
steel ; if any difference at all exists, the steel probably has the 
advantage in stiffness, and the experiments indicate that the 
mild steel, if anything, is stiffer than the hard steel, the reverse 
of what is popularly supposed to bo the case. 

STEEL BEAMS. 

The experiments demonstrate that the transverse resistance of 
steel of different grades maintains a ratio practically uniform 
with the tenacities of the different steels. Consequently when 
steel of known tensile strength is used in beams, the absolute 
strength of the beam may be obtained from our rules and tables 
for iron by increasing the results in the proportion of the in- 
creased tenacity of the particular steel used over that of iron. 
The percentage of increase for good qualities of steel, wiU be 
about as follows : 



Carbon Psbcentaoe. 



.10 
.15 
.20 
.25 
.30 



Increased Strength of Steel over Wrought 

Iron Beams. 



20 per cent. 

85 

60 

65 

80 



<< 



t( 



t( 



it 



The experiments do not show that steel of any grade is stiffer 
under working loads than wrought iron. Therefore beams of 
either steel or wrought iron having uniform lengths and cross 
sections will deflect uniformly under equal loads, below the elas- 
tic limit of wrought iron, and our tables of deflections for iron 
beams as given hereafter, will apply also to steel. 
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STEEL SHAFTING. 

When absolute strength irrespective of stiffness is alone con- 
sidered, steel probably possesses a torsional strength exceeding 
that of iron about in the ratio of the respective tenacities of the 
two metals. Therefore, when designing shafting under such 
conditions, our formulae for iron shafting can be used, substitut- 
ing a shearing resistance equal to J of the tensile strength 
of the steel, in place of that given for iron in the article on 
Shafting. But in the large majority of cases the usefulness of 
shafting is determined by its transverse stiffness, irrespective of 
its ultimate torsional strength. 

As in this respect the advantage of steel over iron is very 
questionable, it will be found necessary to use the same dimen- 
sions of steel shafts as determined by our rules foi wrought iron. 

STEEL STRUTS. 

The experiments on direct compression prove that the elastic 
limits of steel, as of iron, under stresses of tension and com- 
pression, are about equal. 

Consequently for the shortest struts, where failure results from 
the effects of direct compression, the tensile resistances of steel 
and iron serve as a comparative measure of the strut resistance 
of the two materials. 

But as the strut is increased in length, and failure results 
from lateral flexure before the compressive limit of elasticity is 
attained, then the transverse elasticity of the material becomes 
a factor of increasing importance in determining the strut resist- 
ance. 

As in this respect the steel possesses little advantage, if any, 
over iron, the tendency will be for struts of steel and iron as the 
length is increased to approximate toward equality of resist- 
ance. This equality with iron will be attained, first by the 
mildest steel, and latest by the hardest steel. 

The results of many experiments we have made seem to dem- 
onstrate that this equality of strut resistance is practically 
attained between iron and mild steel, when the ratio of length 
to least radius of gyration of cross section is about 200 to 1. In 
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the case of the harder steels, practical equality of resistance 
would probably be reached at some higher but unknown ratio of 
length to section. 

We give a table exhibiting the comparative resistances per 
square inch of section for flat-ended struts of iron, mild steel, 
and hard steel, and for further particulars of the subject refer 
to the article on Struts, given hereafter. 

It is quite probable that grades of steel intermediate between 
those denoted in the table will offer intermediate resistance as 
struts, in the ratio of their percentage of carbon, other elements 
remaining the same. 

SPECIFIC GRAVITY. 

The specific gravity of steel and iron varies according to the 
purity of the metal, and also to the degree of condensation im- 
parted by the rolling process. 

As a rule the mild steel has a higher specific gravity than 
hard steel, and both are denser than iron. A number of tests 
we have made for specific gravity show rolled bars of mild steel 
to vary from 7.84 to 7.88, and hard steel from 7.81 to 7.8o 
specific gravity. Ordinary iron bars will vary from 7.6 to 7.8. 

In the form of beams and large rolled sections generally, the 
following figures may be accepted as a fair average. 

Material. Weight per cubic foot. Weight per cubic inch. 

Mild Steel ...489.0 lbs. .283 lb. 

Hard Steel 486.6 " .2815 " 

Iron 478.3" .2768 " 

Or for the same sectional areas, the excess in weight over iron 
will be, for mild steel 2.24 per cent, and for hard steel 1.7 per 
per cent. 
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FLAT-ENDED STRUTS. 



T7LTIHATE BE8ISTANCB IN FOUNDS PER SQUABE INCH OF 

SECTION. 



Length Dividbd 




HiLD Stbel. 


Hard Stbel. 


BY Lbast Radius 


Ibon. 






OF Gyration. 




.12 Carbon. 


.86 Carbon. 


20 


46000 


70000 


100000 


80 


48000 


61000 


74000 


40 


40000 


46000 


02000 


60 


88000 


44000 


60000 


60 


86000 


42000 


68000 


70 


84000 


40000 


55600 


80 


82000 


88000 


63000 


90 


30900 


86000 


49700 


100 


29800 


84000 


46600 


110 


28!)00 


8200) 


43200 


120 


26800 


80000 


40000 


lao 


24900 


2300J 


86700 


140 


28500 


26000 


88;-)00 


150 


21750 


24000 


80700 


160 


20000 


22000 


28000 


170 


18400 


20000 


25500 


180 


16800 


18000 


28000 


190 


15650 


1(5200 


21000 


200 


14500 


34800 


lUOOO 


210 


18600 


18600 


17200 


220 


12700 


12700 


15500 


280 


11950 


11950 


14400 


240 


11200 


11200 


18400 


250 


lO.-iOO 


10500 


12400 


260 


98 


9800 


11500 


270 


9150 


9150 


10600 


280 


8500 


8500 


9700 


290 


7850 


7850 


9000 


800 


7200 


7200 


8600 
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RESISTANCE TO BENDING. 

When wrought-iron beams are subjected to bending stresses, 
the resulting deflections increase nearly in direct proportion to 
the increase of load, up to the limit of elasticity of the iron. 
Slight permanent sets can be observed in the beam before the 
elastic limit is reached, just as similar sets are obtained in longi- 
tudinal tests. After the elastic limit is passed, the deflections 
increase in a greater ratio than the loads, and clearly defined 
permanent sets occur, until another stage in the experiment is 
reached, when the beam shows increasing deflection without any 
increase of load. At this point the element of time becomes an 
important factor. The load can be very slowly increased, with- 
out the record of stress showing increase, but if the load is freely 
applied, the recorded stress may be very considerably augmented. 
It is probable that if the load was left long enough on the beam 
at this stage of the experiment entire failure would ensue. 

We call this point, which can generally be very clearly ob- 
served, the *;* ultimate resistance " of the beams, and whenever 
such terms as "ultimate load," ** breaking load,'* etc., are used 
in connection with bending stresses, this is the load referred to. 
The stress at the elastic limit bears no such fixed relation to the 
ultimate stress as can generally be observed in tensile tests. 
The length of the beam, and probably other conditions, such as 
position of load, etc., become factors in determining the ratio, 
which in the absence of complete experiments cannot be decided* 

MODULUS OF RUPTURE. 

If the material of a beam offered equal resistances to tension 
and compression, and if the fibres acted independently of each 
other in effecting this resistance, then the maximum fibre stresses, 
which occur at the top and bottom of the beam, could be readily 
calculated as follows: 

For any rectangular section loaded in the middle S = njrT2\ 

lot a beam 1 inch square and 12 inches long, aS^ = 18 W, or in 

general terms for any symmetrical beam, under any condition of 

' 'a Md 

load, ^=2-^. 
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8= maximum fibre stress. w = load. 

b = breadth of beam. I = length of beam. 

d = depth of beam. M= bending moment. 

J= moment of inertia about the neutral axis at right angles to 
the direction of pressure. 

But, as previously stated, neither of these usually assumed 
conditions exist. 

It seems probable that the fibres nearer the axis, by means of 
lateral adhesion, reUeve the outer fibres from a portion of the 
stress which the usually accepted theory indicates, and conse- 
quently have their own portion of the theoretical stress cor- 
respondingly increased. It is therefore necessary to abandon the 
deceptive term of "maximum fibre stress," and substitute a 
•' modulus " determined by means of the foregoing formulsa. 

This modulus will vary for varying cross-sections, and recent 
experiments make it seem probable that it will vary with the 
length of beam, etc. 

The average of a large number of experiments on standard 
flanged beams give an ultimate modulus of 42,000 lbs. On solid 
rectangular sections the modulus will run higher, or from 45,000 
to 50,000 lbs. 

We adopt 42,000 as the modulus for ultimate transverse 
strength of I beams. All our tables are calculated by taking 
S = 14,000, or one-third of the ultimate strength of the beam. 

LIMITS FOR THE SAFE LOAD. 

Inasmuch as there is a great diversity in published tables of 
safe loads for beams, every one must judge for himself what pro- 
portion of the elastic strength of the beam will best suit his 
purpose. 

The character of the load must be considered, and the mode of 
application of the same. If the load is suddenly applied, espe- 
cially if accompanied by impact, the dynamic stresses resulting 
therefrom will not be expressed by fcrmul» which are derived 
from static considerations alone. Freedom from vibration or 
excessive deflection have usually to be provided for, or the beam 
may be of considerable length without lateral support. In many 
such cases it may be necessary to take one-fourth or one-fifth of 
the ultimate strength of the beam as the working basis, instead of 
3 
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one-thii"d, as given in our tables, which we give as the •* great- 
est safe loads.*' 

We have every confidence in the accuracy of the tables, as the 
results of a number of careful tests we have recently made show 
that very rarely does the ultimate strength of the beam fall below 
the limits we have given, and in some instances it considerably 
exceeds those limits. 

We have in our own service beams that are continually subjected 
to much higher bending stresses than would be assigned to them 
by our tables without any evidence of a want of stability. 

FACTOR OF SAFETY. 

For factors of safety the following table will give results in 
harmony with good practice. 

CHARACTER OF STRESS. GREATEST SAFE LOAD. 

Quiescent load, subject to little or no vibra- ) i Qf ultimate 
tion as in light roofs, etc. ) ^ 

Fluctuating loads causing vibration, but^ 
no sudden application of the maximum I , . „u;«,«*^ 

load. Such as lateral bracing of bridges, f * ^^ ultimate, 
roofs carrying shafting, etc. J 

When maximum loads are suddenly ap- ) , - riUimate 
piieci. 1 

When maximum stresses are suddenly re- ) j, ^ ultimate, 
versed m direction. ) ♦» uxwiuo^c. 

UNSTMMETRICAL BEAMS, 

When beams have not an identical cross-section above and 
below the neutral axis, as in Deck Beams, Tees, Angles, etc., 
experiment shows no substantial difference in either the strength 
or stiffness of the beams, whether the greatest flange is in ten- 
sion or compression, up to or nearly to the elastic limit. When 
the least flange is in compression the elastic limit ranges a little 
higher than when it is in tension, and in the former case, after 
the elastic limit is passed, the beam generally exhibits much less 
deflection and higher ultimate resistance than when loaded with 
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the least flange in tension. This is probably due to the high 
resistance of wrought iron to crushing after the elastic limit is 



There are some exceptions to this, as in the case of very long 
beams that present no adequate resistance to lateral flexure, but 
as such cases are outside the bounds of good practice they re- 
quire no further notice. The authoritatiye formulae most gener- 
ally accepted are based upon a maximum fibre stress obtained as 

follows: S=—j-' Jf= bending moment, t? = distance from 

neutral axis to farthest edge of section. 7= moment of inertia 
about the axis passing through the centre of gravity at right 
angles to direction of pressure. This does not give results in 
harmony with experiments, except by taking ^ as a modulus, 
whose value would not agree with that used for symmetrical 
beams, and whose value would have to be derived by experiments 
for differing cross-sections. By taking the moments of inertia 
above and below an axis so located that the forces producing 
tension and compression are in equilibrium, and using the mod- 
ulus, S r= 42,000, as in symmetrical beams, results harmonizing 
with experiments are obtained. 

But, for simplicity, we have adopted the following methods 
for calculating the safe load, which, though incorrect in prin- 
ciple, yet give correct results for the particular sections referred 
to. 

M d 
Deck Beams -gy = >S = 42,000. 

Tees and Angles of equal legs and ) ^_A =^s = 45,000. 
uniform thickness. ) ^ -^ 

Notation as for equal flanged beams. 

PENCOYD BEAMS. 

OBBATEST 8AFB LOADS. 

The following tables for I beams, channels, and deck beams 
give the greatest safe loads in net tons, evenly distributed over 
the beams, and including the weight of beam itself. 

These loads are one-third (i) of the ultimate strength of the 
beams, and are correct for the corresponding sectional areas 
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given. The several values are obtained by the methods described 
on page 88, and have been confirmed by numerous experi- 
ments. The beams, if of considerable length, are supposed to 
be braced horizontally, and it is safest to limit the application of 
the tabular loads to beams whose length between lateral sup« 
ports does not exceed twenty times the flange width. 

Our experience has been that a beam without lateral support 
is much more stable than is commonly supposed. In an open 
webbed beam, the top flange acts as a simple strut, and is liable 
to lateral flexure when the unsupported length is considerable. 
But in a solid beam the parts in tension sustain the parts in com- 
pression rigidly, and prevent the buckling which would other- 
wise occur. 

A number of careful experiments have shown a reduction of 
about one-third of the normal modulus of rupture when the 
length of the beam becomes 80 times its flange width. But as 
the long beam may suffer if exposed to accidental cross strains, 
we recommend the greatest safe load to be reduced in such a 
ratio for long beams that when the length is seventy times the 
flange width the greatest safe loads will be reduced one-half. 
This will give safe loarls, corresponding to given lengths as fol- 
lows: 

BEAMS WITHOUT LATERAL SUPPORT. 



LENGTH OF BEAM. 


PBOPOBTION OP TABULAR LOAD FORMING 






GREATEST 


SAFE LOAD. 


20 times flange width. 


Whole tabular load. 


30 " 


iH,- 




IS 


40 " 


A 




St 


50 " 


-h 


ti 


(t 


CO " 


A 




(( 


70 *' 


T^.r 




<( 



The safe loads for any other length, not given in the tables 
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can readily be found by simple proportion, remembering if the 
span is very short to limit the load to that given in col. xiv, 
pages 93-97, headed " Maximum load in tons." If beams of any 
sectional area not given in the tables are used, the strength can 
be found as described on page 106, or a close approximation to 
the same by the role on page 69. 

DEFLECTION. 

Inasmuch as the elasticity of iron and steel is very variable 
and uncertain, the tabular deflections are given as the nearest 
probable, and are obtained as described on page 89. 

The tabular deflections correspond to the given loads evenly 
distributed, and apply to any sectional area for each size of 
beams respectively, when the corresponding loads bear a uni- 
form ratio to the strength of the beam. 

The greatest safe load in the middle of the beam is exactly 
one-half (i) of the distributed load, and the deflection for the 
former will be eight-tenths {^^f^) of the deflection corresponding 
to the distributed load as given in the tables. If the load is 
placed out of centre on the beam, it will bear the same ratio to 
the load at the centre that the square of half the span bears to 
the product of the segments of the beam formed by the position 
of the load. 

Example, — A 15-inch 200 lb. I beam, 16 feet between sup- 
ports, will safely carry an evenly distributed load (by the tables) 
of 26,5 tons, and deflect under same .27 inches. The greatest 
safe load in the middle will be one-half the above, viz., 13.25 
tons, and the resulting deflection ^ of the former, or .22 
inches. 

If the weight is concentrated 3 feet out of centre, or 5 feet 
and 11 feet from the ends, then the square of half the span being 
64, and the product of the segments being 55, the greatest safe 

load will be ^^ = 15.4 tons. 

55 

If a beam of above size and length is used without any lateral 
support, reduce the safe load in the ratio aforesaid. Thus the 
flange is 5^ inches wide, and the length 33 times this ; there- 
fore the greatest safe load will be a little less than -^ of the 
results in the example. 
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If the beam is exposed to much vibration, or the action of 
moving loads, etc. , reduce the tabular loads, as previously de- 
scribed on page 34. 

For beams of other character than described, the greatest 
safe loads and corresponding deflections will bear the following 
ratios to the tabulated loads, for the same lengths of beams : 



CHARACTER OF BEAM. 



Fixed at one end, with the 
load concentrated at the 
other end. 



Fixed at one end, with the 
load uniformly distrib. 
uted. 



GREATEST SAFE LOAD. 



One-eiffhth (i) part 
of the tabular 
load. 



Rigidly fixed at both ends, 
with a load in the mid- 
dle of beam. 



Rigidlj fixed at both ends, 
with the load uniformly 
distributed. 



Continuous beam loaded in 
middle. 



Continuous beam load uni- 
formly distributed. 



One-fourth (\) part 
of the tabular 
load. 



Same as the tabu- 
lar load. 



One and one-half 
(li) times the 
tabular load. 



Same as the tabu- 
lar load. 



One and one half 
(14^) times the 
tabular load. 



DEFLECTION. 



Three and one- 
fifth (3i) times 
the tabular de- 
flection. 



Two and two- 
fifths (2^)times 
the tabular de- 
flection. 



Four-tenths (t^) 
of the tabular 
deflection. 



One-sixth (i) of 
the tabular de* 
flection. 



Four-tenths d^y) 
of the tabular 
deflection. 



One-sixth (i) of 
the tabular de- 
flection. 
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BEAMS WITH FIXED ENDS. 

It is necessary to bear in mind the distinction between ends 
"rigidly fixed** and ends simply "supported," tlie latter being 
the class contemplated in all our tables of safe loads. By 
"rigidly fixed," as denoted in the previous table, we mean that 
the beam must be so securely fastened at both ends, by being 
built into solid masonry, or so firmly attached to an adjacent 
structure, that the connection would not be severed if the beam 
was exposed to its ultimate load. In this case, the beam is of 
the same character as if continuous over several supports, or 
as if consisting of two cantilevers, the space between whose 
ends was spanned by a separate beam. 

CONTINUOUS BEAMS. 

If a beam is continuous over several supports, and is equally 
loaded on each span, the greatest safe loads and the resulting 
deflections on any intermediate sphn will be as given in the pre- 
ceding table. But the end spans of such a beam, being only 
semi-continuous, must be either of a shorter span than the in- 
termediates, or if of the same length, the load must be dimin- 
ished. See ** Continuous Beams," page 75. 

LIMIT FOR DEFLECTION. 

It is considered good practice in the case of plastered ceilings, 
or in other circumstances where undue deflection may be pre- 
judicial, to proportion beams so that their deflection will not ex- 
ceed ^ of an inch per foot of span, or -^^gxf V^^ of the span. 
A heavy black line is marked across, or partly across, each page. 
All beams below these lines will deflect in excess of this limit; 
those above the line are safe to use. 
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PENOOTD 






15" 



12" 



J] 



Maximum and Minimnm sections of each shape. 

Greatest safe load in Net Tons evenly distributed, including beam itself. 
Deflections in inches corresponding to given loads for each size of beam. 
For a load in middle of beam, allow one-half the tabular figures. 
Deflection for latter load will be -^^ of the tabular deflection. 



Chart 


Number. 


Size OF 


Beam 


IN Inches. 


Wt. per Yd. 


IN Lbs. 


Moment op 


Inertia. 




10 




11 




12 




13 




14 


• 


15 
16 




17 


s 


18 
19 




20 


^ 


21 


< 






22 




23 


^ 


24 


O 


25 


m 




H 


26 


O 


27 


S 


28 


a 


29 




80 




81 




32 




33 



1 



2 



2 



15" 


15" 


15" 


15" 


238 


200 


201 


145 


743.0 


682.1 


626. 


^1.2 


Greatest Safe Load. 



46.29 
42.08 
88.57 
35.61 

33.06 
30.»i 
28.93 
27.28 

25.72 
24.36 
23.14 
22.04 

21.04 
20.13 
19.29 
18.52 

17.80 
17.14 
16.53 
15.96 

15.43 
14.93 

14.03 



42.44 
38.58 
35.37 
32.65 

30.81 
28.29 
26.53 
24.96 

23.58 
22.34 
21.22 

20.21 

19.29 
18.45 
17.68 
16.98 

16.32 
15.72 
15.16 
14.63 

14.15 
18.69 



12.86 



38.96 
a5.42 
32.47 
29.97 

27.83 
•^5.97 
24.35 
22.92 

21.64 
20.51 
19.48 
18.55 

17.71 
16.94 
16.23 
15.58 

14.99 
14.43 
13.91 
13.43 

12.99 
12 57 



T05T5T^ 



11.81 



22.10 
22.10 
22.10 
22.10 

22.10 
21.62 
20.27 
19.08 

18.02 
17.07 
16.21 
15.44 

14.74 
14.10 
13.51 
12.97 

12.47 
12.01 

11.58 
11. IS 

10.81 
10.46 

TO 
9.83 



XI 

< 

H 

p: 
o 

OB 

o 

H 






u 

13 
15 
18 

21 

27 
30 

34 
38 
42 
46 

61 
66 
61 
66 

72 
77 
83 
89 

96 
02 

iTB 
1.16 



8 



3 



12 



// 



12' 



12 



// 



12 



// 



194 



168 



163 



120 



403.5 



372.0 



324.6 



272.9 



Greatest Safe Load. 



31.86 
28.51' 
26.13 
24.12 

22.40 
2U.91 
19.60 
18.45 

17.42 
16.51 
15.68 
14.93 

14.25 
13.63 
13.07 
12M 

12.06 
11.61 
11.20 
10.81 

10.45 
10.12 

9.80 
9.50 



28.93 
26.30 
24.11 
22.25 

20.67 
19.29 
18.08 
17.02 

16.07 
15.23 
14.47 
13.78 

13.15 
12.58 
12.05 
11.57 

11.13 

10.72 

10.33 

9.98 

9.64 
9.33 

9.04 
8.76 



25.24 
22.95 
21.03 
19.42 

18.03 
16.83 
15.76 
14.85 

14.02 
13.28 
12.62 
12.021 

11.47 
10.97 
10.52 
10.10 

9.71 
9.35 
9.01 
8.70 

8.41 
8.14 

7.89 
7.65 



21.22 
19.29 
17.69 
16.32 

15.16 
14.15 
13.26 
12.48 

11.79 
11.17 
10.61 
10.11 



n 

g 
sn 

O 

M 

H 
O 



fa 
H 
P 




8.16 
7.86 

7.58,1.05 
7.321.18 



.13 
.16 
.19 
.22 

.26 
.30 
.3i 
.38 

.43 

.so 

.63 
.68 

.64 
.70 
.77 

.90 
.97 



7.07 
6.85 

6.6:) 
6.48 



1.20 
1.28 

1.36 
l.M 



^ 



TABLE OF SAFE LOADS. 
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lor' 



10" 






BBAMS. 



Maximnm and Miuimnm sections of each shape. 

Greatest safe load In Net Tons evenly distributed, including beam itself. 
Deflections in inches corresponding to given loads for each size of beam. 
For a load iti middle of beam allow one-half the tabular figures. 
Deflection for latter load will be i^j of the tabular deflection. 



Chart 
Number. 



SiZK OF 

Beam in 
Inches. 



Wt. per 
Yard in 

LB8. 



Moment 

OF 

Inertia. 



io 
11 

12 
13 

14 
. 15 

Eh 16 

M 17 



< 

CQ 



o 



so 

21 



22 
23 
24 

W 25 

H 

g 28 

29 

80 
81 
83 
83 



5i 



6 



6 



lOi" 


lOi" 


lOi" 


ICi" 


10*" 


lOi" 


161 
265.7 


134 


135 


108 


109 


89 


241.6 


219.5 


195.4 180.3 


162.3 


Greatest Safe Load. 



23.62 
21.47 
19.63 
18.17 

16.87 
15.75 
14.76 
13.90 

18.12 
12.43 
11 81 

11.25 

10.74 

10.27 

9.84 

9.45 

9.09 

8.7; 

8.43 
8.14 

7.87 
7.62 
7.88 
7.19 



21.49 
19.54 
17.91 
16.53 

15.35 
14.33 
13.43 
12.64 

11.94 
11.81 
10.74 

10.23 



9.77 
9.84 
8.95 
8.60 

8.57 
7.96 
7.67 
7.41 

7.17 
6.93 
6.72 
6.51 



19.51 
17.74 
16.26 
15.01 

13.94 
13.01 
12.19 
11.48 

10.84 

10.27 

9.75 



17.87 16.03 
15.79 14.57 
14.48' 13.3rt 
13.36 12.33 



12.41 

11.58 
10.86 
10.22 




11.45 

10.69 

10.02 

9.43 

8.91 
8.44 
8.01 

7.63 



8.87 7.90 7.28 

8.48 7.55 6.97 

8.13 7.24. 6.68 

7.80 6.95, 6.41 



7.61 6.68; 

7.23 6.48 

6.97, 6.20 

6.73 5.99, 



6.51 
6.29 
6.09 
5.91 



6.16 
5.94 
5.72 
5.53 



5.79' 5.34 

5.60 6.16 

5.43 5.01 

5.26 4.86 



18.35 
13.11 
12.02 
11.09 

10.30 
9.61 
9.01 
8.48 

8.01 
7.59 
7.21 

6.87 



6.55 
6.27 
6.01 
5.77 

5.54 
5.34 
5.15 
4.97 

4.80 
4.65 
4.50 
4.37 



o 

GO 

o 

M 

H 
M 



.16 

.18 

!23 

.30 
.34 
.39 
.i4 

.^ 
.65 
.CI 

.67 

.74 
.81 
.83 
.95 

1.03 
1.11 
1.19 
1.28 

1.37 
1.46 
1.67 
1.68 



8 



8 



10" 


10" 


10" 


10" 


137 


112 


106 


90 


194.4 173.6 161.3148.3 


Greatest Safe Load 



18.14 16.20 
16.49 14.73 
15.12 13. CO 
13.95,12.46 

12.94 11.57 
12.09 10.80 
11.34 10.13 
10.67 9.53 

10.08 9.00 
9.55: 8.58 
9.07 8.10 

Tel 7.72 



15. as 

13.71 
12.57 
11.60 

10.77 

10.05 

9.42 

8.87 



8.25 
7.89 
7.56 
7.26 

6.98 
6.72 
(J. 48 
6.26 

6.05 
5.«5 
5.67 
5.50 




7.36 6.83 

7.04 6.5H 

6.75; 6.28 

6.48 6.03 



6.23 5.80 

6.00 6.59 

5.79 5.39 

5.59 5.20 



5.40 5.03 

5.23 4.86 

5.06 4.71 

4.91 4.57 



13.84 
12.58 
ll.r)4 
10.65 

9.89 
9.2:^ 
8.65 
8.14 




6.29 
6.02 
5.77 
5.54 

5.32 
5.13 
4.94 
4.77 

4.61 
4.47 
4.33 
4.19 






o 

CD 

o 

U 
H 
A 

H 



.16 
.19 
.83 
.27 

.31 
.36 
.41 
.46 

.62 
.68 
.64 

.78 

.86 

.92 

1.00 

1.06 
1.17 
1.26 
1.36 

1.44 
1.64 
1.64 
1.76 



■WBODQHT IKON AND f 



lllntniiim wctloai of each (bipe. 
Onatesl ears load In Ni^t Tnna cvcnlj dietrlbatcd. Incladtng beam tlself. 
Deflection In inches eoircspondinjr lo given loads /or each alie of beam. 
For load in middle allow one-half tbe tabular flgurei. 
Deflection for (alter load »lll be ft of the tabnlsr deflection. 



n"-b^b. 


» m 


10 


1 

£ 


" t ■' h 


- 


1 
1. 


BixE or 


SEIH 


«.. .. ^. 


9" 


8" 

an.a 


8" 


... 


'■ 


^VES,'" 


m 


90 1 88 


™ 




6S 


s 


H01.EN 


TOP 


m.j 


118.81 IOIJ.8 


W.i 




». 














S 


































Greatest 9*pe 


*AD. 


- 


Uru 


TEST 


*FI LOID. 


e 








BBi 




inn 


11 Ifl 


low 
















































111.18 










10.», 










10 


14 as 


12 33 


llflfi 


9711 


u 


11 B3 




889 


SOI 


w 


13 














































g 


IB 


11. W 


a.« 


H.50 


T.S3 


.30 


8.87 










?i 








7IW 


TOO 




R94 
























































S 


17 


8.M 


7.SS 


8.M 


S.76 


M 


t:^8 


-Hb 


-ns 




ra 










«14 






n4i 
















-o 


-m 


TTi 


TR 


0«7 


































a 








.« 


..» 


" 


'■•" 


4.66 


.... 


S.B4 





TABIiE 07 SAFE LOADS. 



43 



1 



PBN007D 



7" 



U 



6" 



J] 



BBAMa 



Greatest safe load in Net Tons evenly distribated, inclading beam Itself. 
Deflections in Inches corresponding to given loads for each («ize of beam. 
For a load in middle of beam allow one-half the tabular figures. 

Deflection for latter load will be A of the tabular deflection. 



Ohabt 
Number. 


18 


18 


14 


14 


• 
00 

•< 
n 

t- 

£ 

on 

o 

s 

.08 


15 


15 


16 


16 


• 

n 
< 


Size of Beam 
IN Inches. 


7" 


7" 


7" 


7" 


6" 


6" 


6" 


6" 


n 

CO 


Wt. per Yd. 
IN Lbs. 


88 


75 


63 


51 

1 


63 


55 


48 


40 


5B 


Hoxent of 
Inertia. 


58.6 


53.3 


48.0 


43.1 


30.8 


27.5 


26.8 


24.1 


o 




G 


GBEi 


ITEST 1 


Safe ] 


jOAD. 


Grej 


kTBST J 


Safe ] 


liOAD. 


H 




12.93 


11.75 


10.65 


6.17 


8.03 


7.42 


6.87 


6.25 


.10 




7 


11.09 


10.07 


9.13 


6.17 


.11 


6.89 


6.36 


5.89 


5.36 


.13 




8 


9.70 


8.81 


7.99 


6.17 


.16 


6.02 


5.56 


5.15 


4. to 


.17 




9 


8.62 


7.83 


7.10 


6.17 


.19 


5.86 


4.94 


4.5b 


4.17 


.22 




10 


7.76 


7.06 


6.39 


5.74 


.28 


4.82 


4.45 


4.12 


8.74 


.27 




11 


7.05 


6.41 


5.81 


5.22 


.28 


4.38 


4.05 


3.75 


3.41 


.32 


m 


12 


6.47 


5.87 


5.32 


4.79 


.83 


4.02 


3.71 


3.43 


3.12 


.38 


S 


13 


5.97 


5.42 


4.92 


4.41 


.38 


T?: 


T8 


T!? 


TS 


-» 


» 


14 


5.54 


5.04 


4.56 


4.10 


.44 


3.44 


3.18 


2.94 


2.68 


.62 


1-^ 


15 


-n? 


TTiJ 


-T38 


TS 


ra 


3.21 


2.97 


2.75 


2.50 


.60 


t 


16 


4.85 


4.41 


3.99 


3.50 


.68 


3.01 


2.78 


2.57 


2.84 


.69 


17 


4.56 


4.15 


3.76 


3.38 


.66 


2.84 


2.62 


2.42 


2.21 


.78 


09 


18 


4.31 


3.92 


8.55 


3.19 


.74 


2.68 


2.47 


2.29 


2.06 


.87 


^ 


19 


4.08 


3.71 


3.86 


3.02 


.82 


2.54 


2.34 


2.17 


1.97 


.97 


o 


20 


3.88 


3.52 


3.19 


2.87 .90 


2.41 


2.22 


2.06 


1.87 


1.07 


i 


21 


8.70 


3.36 


3.04 


2.73 .99 


2.30 


2.12 


1.96 


1.78 


1.18 


22 


8.58 


3.20 


2.90 


2.611.09 


2.19 


2.02 


1.87 


1.70 


1.29 


S3 


3.37 


3.07 


2.77 


2.491.20 


2.10 


1.93 


1.79 


1.63 


l.il 


24 


8.28 


2.94 


2.66 


2.301.32 


2.01 


1.85 


1.72 


1.56 


1.64 


s 


25 


8.10 


2.82 


2 56 


2.301.43 


1.93 


1.78 


1.65 


J.50 


1.67 




96 


2.98 


2.71 


2.46 


2.21 l.U 


1.&5 


1.71 


1.58 


1.44 


1.81 




27 


2.87 


2.61 


2.37 


2.121.87 


1.78 


1.65 


1.58 


1.391.96 




28 


2.77 


2.52 


2.28 


2.051.80 


1.72 


1.59 


1.47 


1.34 2.10 




89 


2.68 


2.43 


2.20 


1.981.93 


1.66 


1.53 


1.42 


1.29 2.26 



u 



WBOUGHT ntON AND STEEL. 



PENCOTD 



if 



5" 



4" 



J 



BEAM& 



Greatest safe load in Net Tons evenly distributed, including beam itself. 
Deflections in inches corresponding to given loads for each size of beain. 
For a load in middle of beam allow one-half the tabular figures. 

Deflection for latter load will be i^ir of the tabular deflection. 



Chart 
Number. 

Size of Beam 
IN Inches. 

Wt. per Yd. 
IN Lbs. 



Moment of 
Inertia. 



s 



4 

5 
6 

7 

8 

9 
10 

11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 



17 



17 



18 



18 



5" 


6" 


5" 


5" 


40 


36 i 33 

i 


30 


14.7 


13.7 


13.1 


12.5 


Greatest Safe Load. 



6.80 


6.42 


6,12 


5.44 


5.14 


4.90 


4.53 


4.28 


4.08 


8.89 


3 67 


3.50 


3.40 


3.21 


3.06 


3.0-2 


2.86 


2.72 


2.72 


2.57 


2.45 


TJ7 


%* ■ 0« 


T^ 


2.27 


2.14 


2.04 


2.09 


1.98 


1.88 


1.94 


1.84 


1.75 


1.81 


1.71 


1.63 


1.70 


l.fil 


1.53 


1.60 


1.51 


1.44 


1.51 


1.43 


1.36 


1.43 


1.35 


1.29 


1.36 


1.28 


1.22 


1.29 


1.22 


1.17 


1.24 


1.17 


1.11 


1.18 


1.12 


1.07 


1.13 


1.07 


1.02 


1.09 


1.03 


.Ho 


1.04 


.99 


.94 


1.01 


.95 


.91 



4.86 
4.67 
3.89 
3.83 




1.94 
1.79 
1.67 
1.55 

1.46 
1.37 
1.30 
1.23 

1.17 
1.11 
1.06 
1.01 

.97 






O 

o 



M 



.05 
.08 
.12 
.16 

.21 

.26 
.32 

15 

.46 
.54 
.63 
.72 

.82 

.93 

1.04 

1.16 

1.29 
1.42 
1.56 
1.70 

1.85 



.932.01 
.90:2.18 
.86 2.38 



19 



19 



20. 



20. 



4// 


4// 


4'' 


4// 


38 


28 


21.5 


18.6 


9.0 


7.7 


5.5 


5.1 


Greatest Safe Load. 



5.25 
4.25 
3.50 
3.00 

2.62 



2.10 
1.91 

1.75 
1.62 
1.50 
1.40 

1.81 
1.23 
1.17 
1.11 

1.05 

1.00 

.95 

.91 

.87 
.84 
.81 
.78 



4.47 
3.58 
2.98 
2.56 

2.24 



1.79 
1.63 

1.49 
1.38 
1.28 
1.19 

1.12 

1.05 

.«9 

.94 

.89 
.85 
.81 
.78 

.75 
.Ti 
.69 
.66 



8.27 
2.6-2 
2.18 
1.86 

1.64 

Tm 

1.31 
1.19 

1.09 

1.01 

.94 

.87 

.82 
.77 
.73 
.69 

.65 

.60 
.57 

.55 
.52 

.50 
.48 



3.00 
2.40 
2.00 
1.71 

1.50 



1.20 
1.09 

1.00 

.92 

86 

80 



H 

§ 

00 

§ 

O 

Eh 
H 
P 



.06 
.10 
.U 
.20 

.26 



.40 
.49 

.68 
.68 
.79 
.91 



.75 1.03 
.71:1.17 
.671.31 
.631.46 

.601.61 
.571.77 
.541.03 
.52 2.12 



.50 
.48 
.46 
.44 



2.32 
2.61 
2.71 
2.91 



TABLE OF SAFE LOADS. 



45 



1 



PBNOOTD 



I. 

r 



3' 



J\ 
\ 



Maximum and Minimum sections of each shape. 
Greatest safe load in Net Tons evenly distributed including beam itself. 
Deflection? in inches corresponding to given load? for each size of beam. 
For a load in middle of beam allow one-half the tabular fibres. 

Deflection for latter load will be i% of the tabular deflection. 



Chart 
Number. 

Size or Beam 

IN iNCHBd. 



Wt. per Yd. 
IN Lbs. 

Moment of 
Inertia. 



I 



04 

CQ 

o 



O 



4 

5 
6 

7 

8 

9 

10 

11 

12 
13 
14 
1ft 

16 
17 
18 
19 

20 
21 
22 
28 



21 



21 



22 



22 



8" 


8" 


8" 


8" 


28.6 


28 


21.7 


17 


4.0 


8.8 


8.0 


2.7 


Greatest Safe Load. 



2.87 
2.80 
1.92 



1.44 
1.28 
1.15 
1.04 

.96 
.88 
.82 
.77 

.7« 
.68 
.64 
.61 

.58 
.55 
.52 
.50 



2.56 


2.34 


2.06 


1.87 


1.71 


1.56 


■n5 


-ra 


1.28 


1.17 


1.14 


1.04 


1.02 


.94 


.93 


.86 


.a-i 


.78 


.79 


.72 


.73 


.67 


.68 


.62 


.64 


.58 


.60 


.55 


.57 


.52 


.54 


.49 


.51 


.47 


.49 


.45 


.47 


.43 


.44 


.41 



2.07 
1.66 
1.38 



1.03 
.92 
.82 
.75 

.69 
.64 



n 

< 

CO 

PS 

o 

OD 

o 

M 

H 
H 

n 



.09 
.14 
.19 

TB 

.34 
.43 
.63 
.66 

.77 
.91 



.59,1.06 
.551.21 



.52 
.49 
.46 



1.87 

1.56 

1.74 

.44 1.93 



.41 
.39 
.38 
.36 



2.13 
2.37, 
2.62 
2.88 



r 



46 



WBOUGHT IBON AND STEEL. 



PBNOOYD 



a 



15" 



j\ 



ohannz:l& 



12" 



Maximnm and Minimnm sections of each Bhape. 

Greatest safe load in Net Tons evenly distribnted, including beam itself. 
Deflections in inches corresponding to given loads for each size of channel. 
For a load in middle of beam, allow one-half the tabular flgores. 
Deflection for latter load will be -^ of the tabular deflection. 



Chart 
Number. 


30 


30 






s 

H 

o 

1 


31 


81 


32 


32 




Size OP Chan- 
nel IN Ins. 


15" 


15" 






12" 


12" 


12" 


12" 


< 


Wt. per Yd. 
IN Lbs. 


204.5 


148 






160 


88.5 


101.5 


60 


i 










1 










h 


Moment op 
Inertia. 


557.4 


451.5 






I 
.11 

.13 
.IS 
.18 


268.5 


182.7 


173.5 


123.7 


OQ 




Greatest Safe Load. 


Greatest Sape Load. 


1 


10 
11 
12 
13 


34.68 
31.53 

28.90 
26.6S 


28.09 
25.54 
23.41 
21.61 






20.88 
18.98 
17.40 
16.06 


14.21 
12.D2 
11.84 
10.93 


13.49 
12.26 
11.24 
10.38 


9.14 

8.75 
8.02 
7.40 


.13 
.16 
.19 
.22 


14 

^ 15 
'A 16 
g 17 


24.77 
23.12 

21.68 
20.40 


20.06 
18.73 
17.56 
16.52 






.21 
.U 
.27 
.30 


14.91 
13.92 
13.05 
12.28 


10.15 
9.47 
8.88 
8.36 


9.64 
8.99 
8.43 
7.94 


6.87 
6.41 
6.01 
5.66 


.28 
.30 
.34 
.38 


fc 18 
fi 19 

5 21 


19.37 
18.25 
17.34 
16.52 


15.61 
14.78 
14.04 
13.38 






.34 
.38 
.43 

.47 


11.60 

10.99 

10.44 

9.94 


7.89 
7.48 
7.10 
6.77 


7.49 
7.10 
6.74 
6.42 


5.34 
5.06 
4.81 
4.58 


.43 
.48 
.63 
.68 


fe 22 
23 

& 24 
<=> 25 


15.76 
15.08 
14.45 
13.87 


12.77 
12.21 
11.70 
11.24 






.62 
.67 
.62 
.67 


9.49 
9.08 
8.70 
H.35 


6.46 

6.18 

5.92 

_6.«8 


6.13 
5.87 
5.62 
5.40 


4.87 
4.18 
4.01 
8.85 


.64 
.70 
.77 
.83 


H 26 

2 27 
S 28 

3 29 


13..34 
12.a) 
12.39 
11.96 


10.80 

10.40 

10.03 

9.69 






.73 
.78 
.84 
.90 


8.03 
7.73 
7.46 
7.20 


5.47 
5.26 
5.07 
4.90 


5.19 
5.00 
4.82 
4.65 


8.70 
3.56 
3.44 
3.32 


.90 

.97 

1.05 

1.12 


30 
31 


11. .56 
11.19 


9.36 
9.06 






.96 
1.03 


6.96 
6.74 


4.74 

4.58 


4.50 
4.35 


3.21 
3.10 


1.20 
1.28 


32 
33 


10.51 


8.78 
8.51 






1.17 


6.52 
6.33 


4.44 
4.31 


4.22 
4.09 


3.01 
2.92 


1.36 
1.44 



TABLE OF SAFE LOADS. 



47 



PENOOTD 



r\. 



10" 



J] 



OHANNBL& 



9" 



Maximum and Minimum eectione of each shape. 
Greatest safe load in Net Tons evenly distributed, including beam itself. 
Deflections in inches corresponding to given loads for each size of channel. 
For a load in middle of beam allow one-half the tabular figures. 
Deflection for latter load will be -fij of the tabular deflection. 



Chart 
Number. 



Size OF Chan- 
nel IN Ins. 



Wt. perTd. 
IN Lbs. 



Moment of 
Inertia. 



10 
11 
12 
18 

14 
15 
16 
17 

18 

19 
30 

SI 

22 
23 
24 
S6 

28 
27 
28 
29 

80 
81 
32 
88 



84 



85 




10" 


10" 


10" 


10" 


106 


60 


86.5 


49 


131.0 


92.7 


105.2 


73.9 


Greatest Safe Load. 



12.23 

11.12 

10.19 

9.41 

8.74 
8.15 
7.64 
7.19 

6.79 

6.44 
6.11 



5.56 
5.32 
5.10 
4.89 

4.70 
4M 
4.87 
4.22 

4.08 
8.94 
8.83 
8.71 



8.65 
7.88 
7.2! 
6.65 

6.18 
5.77 
5.41 
5.09 

4.81 

4.55 
4.32 



8.98 
3.78 
3.60 
3.46 

3.83 
3.20 
3.09 
2.98 

2.88 
2.79 
2.70 
2.62 






9.81 
8.92 
8.17 
7.55 

7.01 
6.54 
6.13 
5.77 

5.45 

5.16 
4.90 

:s 

4.46 
4.27 
4.09 
3.92 

8.77 
3.68 
3.R0 
3.88 

3.27 
3.16 
3.07 
2.97 



6.89 
6.26 
5.74 
5.80 

4.92 
4.59 
4.31 
4.05 

8.88 

8.63 
8.44 



8.18 
2.99 
2.87 
S.76 



a 

B 



o 
Q 



.16 
.19 
.23 
.27 

.31 
.86 
.41 
.46 

.52 

.68 
.64 

m 

.78 
.85 
.98 

1.00 



2.651.08 
2.561.17 
2.46 1.26 
2.881.35 

2.801.45 
2.221.66 
2.151.66 
2.091.76 



86 



36 



87 



87 



9 



/' 



93 



90.7 



9" 


9" 


9" 


54 


61 


87 


64.3 


59.8 


48.6 



Greatest Safe Load. 



9.41 
8.55 
7.84 
7.24 

6.72 
6.27 
5.88 
5.53 

5.28 



4.70 
4.48 

4.28 
4.09 
3.92 
8.76! 

8.62 
3.49 
3.36 
8.24 

3.14 
8.03 
2.94 
2.85 



6.67 
6.(6 
5.56 
5.13 

4.76 
4.45 
4.17 
8.92 

8.71 

"Of 
8.84 

8.18 

8.08 
2.90 
2.78 
2.67 

2.57 
2.47 
2.38 
2.80 

2.22 
2.15 
2.08 
2.02 



6.21 
5.65 
5.17 

4.78 

4.44 
4.14 
3.88 
3.65 



8.10 
2.96 

2.82 
2.70 
2.59 
2.48 

2.39 
2.30 
2.22 
2.14 

2.07 

2.on 

l.W 
1.88 



4.52 
4.11 
8.77 
3.48 

8.28 
8.01 
2.82 
2.66 



8.45 2.51 



2.26 
2.15 

2.05 
1.97 

1.88 
1.81 

1.74 
1.67 
1.61 
1.56 

1.51 
1.46 
1.41 
1.37 
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.18 

!26 
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Maximnm and Minimum sections of each shape. 

Greatest safe load in Net Tons evenly distributed, including beam itself. 
Deflection in inches correspondini:: to given loads for each size of channel. 
For load in middle of beam allow one-half the tabular figures. 

Deflection for latter load will be -|i^u~ of the tabular deflection. 



Chart 
Number. 
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Inertia. 



o 

K 
O 



6 
7 
8 
9 

10 
11 
1-2 
13 

14 

15 
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8" 
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43 


54 


30 
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41.0 
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Greatest Safe Load. 



11.67 

10.00 

8.75 

7.78 


7.77 
6.66 
5.83 
5.18 


7.93 
6.83 
5.97 
5.31 


7.00 
6.36 
5.83 
5.38 
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4.24 
3.88 
3.5& 


4.78 
4.35 
3.98 
3.67 
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3.33 


3.41 


4.67 
4.37 

T!5 


3.11 
2.91 


3.19 
2.99 

"TBT 


3.89 
3.68 
3.50 
3.33 


2.59 
2.45 
2.33 
2.22 


2.66 
2.52 
2.39 
2.28 


3.18 
3.04 
2.92 
2.80 


2.12 
2.01 
1.94 
1.86 


2.17 

2.08 
1.99 
1.91 


2.6?> 
2.59 
2.50 
2.41 


1.79 

i.m 

1.66 
1.61 


1.84 
1.77 
1.71 
1.65 
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4.70 
4.11 
3.6t) 

3.29 
2.99 
2.74 
2.53 

2.35 

2.19 
2.06 



1.83 
1.73 
1.61 
1.57 
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1.43 
1.37 
1.32 
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1.22 
1.17 
1.13 
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L.16 
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1.46 
1.67 
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7" 
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49 
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29.5 


27.9 
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Greatest Safe Load. 



9.45 
8.10 
7.09 
6.30 

5.67, 
5.15 
4.72 
4.36 

4.O5I 



3.54' 
3.34 

3.15 
2.98 
2.83 
2.70 

2.58 
2.47 
2.^36 
2.27 

2.18 
2.10 
2.02 
1.95 



6.55 
5.61 
4.91 
4.37 

3.93 
3.57 
3.27 
3.02 

2.81 

2.46 
2.31 

2.18 
2.07 
1.% 
1.87 

1.79 
1.71 
1.64 
1.57 

1.51 
1.46 
1.40 
1.35 



6.18 
5.30 
4.64 
4.12 

3.71 
3.37 
3.09 
2.85 

2.65 



2.32 

2.18 

2.06 
1.95 

i.a^ 

1.77 

i.e 

1.61 

1.55 

1.48 

1.43 
1.37 
1.32 
1.28 



3.42 
3.42 
3.07 
2.73 

2.46 
2.24 
2.05 
1.89 
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1.23 
1.17 
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1.22 
1.34 
1.45 
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1.96 



TABLE OF SAFE LOADR 



n S" and a" J] 



CHAHNBXA 



Uixinitin and HlnlmDm aections ot each lAape. 
Oreilest uTe JiMd In NelTons event; dliciibn ted Inclndlng beam Iti 
DeAectJoaE in Incbea cotreepunding to given Joad5 for ench size of cl 
For & ioid In loiddle of beam allow one-half the tabular azures. 
Deflection for latter load will be A of tbe tabular deflection. 



Cb*rt 


•i 

o 
!ii 

1 
J 

il 
11 


42 




40 


1 

.OS 
.06 

.08 

.a 

.10 

.a 

.21 

M 
.H 

.a 

1 

its 
11 


i 

! 

Is 

.a 
■1 

i 

'.7i 

ll 
!:S 

; 

11 


47 i 48 4S 1 4S 


1 


Sf-jZ. 


6" 


" 1 '" 


S" 


4" 4" 8" 8" 


1 


a?' 


33.0 


»h 


18.8 


ai.5 17.0 18.9 is.a 




Hon. op 
Inibtia. 


.... 


11.7 1 U(.g 


0.7 


"1" " ■■• 


1 




OBBAnsT 8*PE Load. 


Greatest Safe Load. 


s ,! 

S 17 

i ^* 
-1 » 

IS 


B.SO 
«.B0 
6.70 
*.Ti 

4.07 
8.M 

s.i; 

S.W 

41 

2.04 
1.» 

liw 

1.58 

i:« 


a. 50 

41 

i.ae 
rot 

1 

in 


b.92 
4.81 

S.I! 

_1^ 

1.74 
1.60 

1.28 

i.ai 

;-f 

'.» 

1 


i:« 

.so 
Is 


4.08 

8. a 

!:0! 

41 

'.« 

.sa 

I 

:» 

M 
.47 


3.80 

a. 40 
i.es 
i.eo 

liai' 

.87 
.80 
.74 
.t9 

M 
.» 
.58 

!4I 

.48 

.■H 

:« 


i:« 

1.03 
.BO 
.B( 

.05 

;4f 

.42 
.40 

.38 

'.» 

z 

.a 


i!a 
.a 

.41 
.43 

:S 

.00 
.20 

> 


.05 

:u 
Ji 

'.u 

M 

!•! 
l.OS 

:74 

11 

E.88 
2.88 



42 



WROUGHT IRON AND STEEL. 



PBNOOTD 



I 



r 



9" 



71 



8" 



BEAM& 



Maximnm and Minimnm sections of each e>bape. 

Greatest safe load in Net Tons evenly distributed, including beam itself. 
Deflection in inches corresponding]^ to given loads for each size of beam. 
For load in middle allow one-half the tabular figures. 

Deflection for latter load will be iV of the tabular deflection. 



Chart 


Number. 


SlZK OF 


Beam 


IN Inches. 


Wt. per Yd. 


IN Lbs. 


Moment op 


Inertia. 
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98 




29 
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10 



10 



9" 


9" 


9" 


9" 


122 


90 


88 


TO 


143.7 


118.8 


106.8 


94.4 


Greatest Safe Load. 



24.27 
20.80 
18.20 
16.18 

14.56 
\Z.'iA 
1-2.13 
11.20 

10.40 
9.71 
9.10 

8.66 




6.62 
6.33 
6.07 
6.82 

6.60 
5.39 
5.20 
6.02 



16.53 
16.53 
]5.40 
13.69 

12.32 

11.20 

10.26 

9.48 

8.80 
8.21 
7.70 

7.25 
6.84 



6.16 
5.86 

5.60 
5.35 
5.18 
4.93 

4.74 
4.56 
4.40 
4.25 



18.42 
15.79 
13.81 
12.27 

11.05 

10.04 

9.21 

8.50 

7.89 
7.37 
6.91 

6.50 
6.14 

5.62 
5.25 

5.02 
4.80 
4.61 
4.42 

4.25 
4.09 
3.95 
3.81 



9.94 
9.94 
9.94 
9.94 

9.79 
8.90 
8.16 
7.53 

7.00 
6.53 
6.12 

5.76 
6.44 

4.90 
4.66 

4.45 
4.25 
4.08 
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1.80 
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BBAM& 



Greatest safe load in Net Tons evenly distributed, inclading beam itself. 
Deflections in inches corresponding to given loads for eacli i>ize of beam. 
For a load in middle of beam allow one-half the tabular figures. 

Deflection for latter load will be A of the tabular deflection. 



Chart 
Number. 



Size OF Beam! 
IN Inches, i 

Wt. per Yd. 
IN Lbs. 



homent of 
Inertia. 
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6 

7 

8 
9 
20 
21 



23 
24 
25 

96 
27 
28 
29 



18 



18 14 



14 



7" 


7" 


7" 


7" 


88 


75 


63 


51 


58.6 


53.8 


48.0 


43.1 


Greatest Safe Load. 



12.93 

11.09 

9.70 

8.62 

7.76 
7.05 
6.47 

5.97 
5.54 



1 

4.85 
4.56 

4.31 
4.08 
3.88 
3.70 

3.58 
3.37 
3.23 
3.10 

2.98 
2.87 
2.77 
2.68 



11.75 

10.07 

8.81 

T.83 

7.05 
6.41 
5.87 

5.42 
5.04 



.4 

4.41 
4.15 

3.92 
3.71 
3.52 
3.36 

3.20 
3.07 
2.94 
2.82 

2.71 
2.61 
2.52 
2.43 



10.65 
9.13 
7.99 
7.10 

6.39 
5.81 
5.32 

4.92 
4.56 



3.90 
3.76 

3.55 
3.36 
3.19 
3.04 

2.90 
2.77 
2.66 
2 56 

2.46 
2.37 
2.28 
2.20 



6.17 
6.17 
6.17 
6.17 

5.74 
5.22 

4.79 

4.41 
4.10 



3.59 
3.38 

3.19 
3.02 
2.87 
2.73 
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.08 
.U 
.16 
.19 

.23 
.28 
.33 



.44 

ra 

.68 

.66 

.74 
.82 
.90 
.99 



2.61 1.09 
2.491.20 
2.89,1.32 
2.301.43 



2.21 
2.12 



l.U 
1.67 



2.051.80 
1.981.93 



15 



15 



16 



16 



6" 


6" 


6" 


6" 


63 


55 


48 


40 


30.8 


27.5 


26.8 


24.1 


Greatest Safe Load. 



8.03 
6.89 
6.02 
5.86 

4.82 

4.38 
4.02 



3.44 

3.21 
3.01 
2.84 

2.68 
2.54 
2.41 
2.30 

2.19 
2.10 
2.01 
1.93 

1.85 
1.78 
1.72 
1.66 



7.42 

6.36 
5.56 
4.94 


6.87 
5.89 
5.15 
4.5b 


4.45 
4.05 
3.71 


4.12 
3.75 
3.43 


3.18 


2.94 


2.97 
2.78 
2.62 


2.75 
2.57 
2.42 


2.47 
2.34 
2.22 
2.12 


2.29 
2.17 
2.06 
1.96 


2.02 
IM 
1.85 
1.78 


1.87 
1.79 
1.72 
1.65 


1.71 
1.65 
1.59 
1.53 


1.58 
1.53 
1.47 
1.42 



6.25 
5.36 
4. •9 
4.17 

3.74 
3.41 
3.12 



2.68 

2.50 
2.34 
2.21 

2.08 
1.97 
1.87 
1.78 

1.70 

1.63 

1.56 

J.50 
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.27 
.33 
.38 
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.87 

.97 

1.07 

1.18 

1.29 
l.il 
1.64 
1.67 



1.44'1.81 
1.391.96 
1.342.10 
1.29|2.26 
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IRON FLOOR BEAMS. 

When I beams are used as floor joists or girders, the spacing 
and proper size of beams depends on the amount and character 
of the loads, as well as the distance to be spanned. Not only the 
positive strength, but the elasticity or amount of deflection per- 
missible must be considered. 

A heavy load per unit of area may not require as strong a 
floor as that necessary for a lighter one, if the latter be liable to 
sudden application, especially if accompanied with impact, 
while the normal state of the heavier load is quiescence, or slow 
and even change. It would require a special treatise to describe 
the subject, and those lacking experience are referred to the 
published literature which is now very ample and complete. It 
has been demonstrated that the greatest mass of men that can 
be packed on any floor will not exceed in weight 80 lbs. per 
square foot. The weight of the iron beams will depend on the 
span, for which see a general rule farther on. If brick arches 
are laid between the beams, the weight of a 4" course of brick, 
including the concrete filling, will be about 50 lbs. per square foot. 

Within the limits of length of span in which rolled I beams 
can be used, it may be assumed that a floor is safe to sustain the 
greatest possible load of men, when the following loading does 
not exhibit a greater bending stress on the beam than that de- 
noted in the tables, under the head of ** Greatest Safe Load Dis- 
tributed," pages 40-51. 

I Beam joists with wooden floor = 100 lbs. per square foot. 
Wooden floor and plastered ceilings =110 ** ** ** ** 
4" brick arches and concrete filling = 150 " ** ** ** 

These figures represent the total weight of floor itself and the 
imposed load. 

When the floor beams are subject to the action of moving 
loads, it is necessary to make allowance for a greater nominal 
weight than actually may occur, especially if the span is long 
in proportion to the depth of the beam. If the beams are too 
light, the resulting tremor and vibration will be a source of dis- 
comfort to the user, if not of weakness to the structure. The 
same results are obtained by assuming either a higher nominal 
load per unit of area than actually can occur, or adopting a 
higher factor of safety, than given in our tables, for the actual 
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loads. Floors proportioned as follows for given purposes will be 
found satisfactory. The weight of the material may be included 
in the figures. 



CHARACTEB OF FLOOR. 



Very lightest floors, plank covering 

Very lightest floors, bricJ^ arches 

Lignt warehouse floors 

Halls of audience 

Warehouses in which heavy pieces are moved. 

Shop floors for light machinery 

Shop floors for heavy machinery 



LOAU PKR BQ. FT. 



100 lbs. 
150 " 
200 " 
200 " 
350 " 
250 " 
800 to 500 lbs. 



GENERAL RULE FOR THE WEIGHT OP IRON IN 

FLOOR BEAMS. 

When the standard section of any size of beam is used, 
the weight of iron obtained by the following rule will be 
found to approximate closely to the actual amoimt required: 
" Square of span in feet divided by 5 times the depth of the beam 
in inches, equals the pounds of iron in the beams per square 



foot of floor >Y /^"' = lbs. "^ 
\5 X depth / 



This is for a load of 150 lbs. per square foot, and the beams 
strained up to the maximum safe limit as given in the tables. 

With the same space the weight of the beams will vary directly 

as the load varies, consequently the weight of iron for any other 

required loading per square foot can be obtained by proportion 

from above rule. Example A floor of 20 feet span is subject 

to a load of 150 lbs. per square foot. The weight of the iron 

20' 
beams will be = — ^k = 5- 38 lbs. per square foot of floor, if 15" 

20^ 
Beams are used, or if 12" Beams are used « — ^^ = 6.66 lbs. per 

square foot. To these flg^res add the weight of ends built into 
the wall, which should be from 6" to 12" at each end, according 
to the span, etc. If the load to be sustained is 250 lbs. per sq. 
foot, on 15" I beams the necessary weight becomes as 150 : 250 :: 
5.88 lbs. : 8.88 lbs. per square foot. 
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This rule applies only to the minimum section of any I beam. 
If the section is increased, the weight of iron required will also 
increase. By the above it will be observed that the deeper the 
beam used the less the amount of iron required, and such is the 
case as a general rule. But for short spans the use of the deep- 
est beams might require too wide a spacing to suit the covering 
of the floor. Then the best economy requires the adoption of a 
shallower and lighter beam. For brick arches for flre-proof 
floors it is usual to limit the rise or spring from 3 to 6 inches, in 
order to build in and conceal the tie rods, which should not be 
much if any above the center of the beam. For such flat arches 
the spacing of the beams should not exceed 6 feet, and if a 
single 4" course of brick is used, it is safest not to exceed 5 feet 
separation. Of course for arches of more rise and for other 
special purposes than indicated above, no such limitation is 
necessary. 

SPACING OF FLOOR BEAMS. 

The following rule gives the greatest distance apart that floor- 
beams can be placed to support safely any given load per square 
foot. Multiply the length of span in feet by the load in lbs. per 
square foot. Find iu the table, page 40, the safe load in lbs. for 
a beam of the size and length desirable to use. Divide this safe 
load by the product first found, and the quotient is the greatest 
distance in feet that the beams ought to be placed, center to 

center. Or Distance = j^ — . w = lbs. per square foot. 

L = length of span in feet. 

Example. — A floor of 20 feet span with its full load will weigh 

150 lbs. per square foot. Different sizes of beams may be safely 

spaced as far apart as follows : For 15" — 145 lb. I Beams 

•■^2430 

an i^A = 10-8 feet center to center. For 12" 120 lb. I beams 
20 X 150 

Sa— ^feA = 7.07 feet, etc., etc. 
20 X 150 

The tables on pages 56-62 show the greatest distance apart, 
center to center, that beams should be placed for a loading (in- 
cluding the weight of the floor itself) of 100, 150, 200, or 250 lb& 
per square foot. 
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The deflections of the beams which are given in the tables 
will be uniform for beams of the given spans so long as the spac- 
ing is proportioned according to the table. 

In the case of plastered ceilings or other circumstances where 
undue deflection might be injurious, it is considered good prac- 
tice to limit the deflection to about ifi^ of the span. When 
the deflections exceed this amount, the corresponding loads in 
the table are printed in small figures. When the deflection is 
below this amount, the figures for the loads are in larger print. 
The proper spacing of beams for any load is inversely propor- 
tioned to the loads. Consequently the proper distance apart for 
beams for any load per square foot can be easily obtained di- 
rectly from the table as well as by the rule previously given. 

Unle. — Multiply the distance given in the table by 150 and 
divide by the number of lbs. per square foot required to be sus- 
tained. The quotient will be the greatest distance apart for the 
beams. 

Example. — What is the greatest distance apart 8" 65 lbs, I 
beams can be placed to support safely a load of 220 lbs. per 
square foot, the beams having a clear span of 18 feet ? By the 

table the spacing for 150 lbs. per foot is 3.3 feet -^q^a — ~ 2.26 
feet, the distance required. 
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Greatest distance between floor beatnik 9o that th« bending stress on tbe 
beam will not exceed its maximum safe load. 
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17.6 


13.5 


10.7 
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11.7 


9.0 


7.1 
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60 


12 
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.26 
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10.9 
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4.6 
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7.1 
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4.8 
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5.7 


4.8 
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Deflection 


in Inches. 






.21 
15.8 
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11.8 
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8.6 


.46 
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14.7 


10.2 


7.5 


5.7 


4.5 
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5.6 
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Deflection 


in Inches. 




.16 


.23 


.32 


.41 


.62 


.64 








100 


17.6 


12.9 


0.0 


6.9 


5.4 


4^4 








150 


11.7 


8.1 


60 


4.6 


3.6 


9'» 


63 





72 


200 


8.8 


6.1 


4.5 


3.4 


2.7 


9^9 








250 


7.0 


4.9 


3.6 


2.7 


2.2 


1-8 




Deflection 


in Inches. 




.18 


.26 


.36 


.46 


.68 


•71 








100 


18.4 


0.3 


6.9 


5.2 


4^1 


3^4 








150 


9.0 


6.2 


4.6 


3.5 


9^8 


9-9 


64 


8 


61 


200 


6.7 


4.7 


8.4 


2.6 


9^1 


1-7 








250 


5.4 


3.7 


2.7 


2.1 


1-1 


l^S 




Deflection 


in Inches. 




.20 


.29 


.9 


.51 


•CS 


•80 








100 


9.2 


6.4 


4.7 


S^6 


9^8 


9 8 








150 


6.1 


4.2 


3.1 


9^4 


1-9 


1^5 


65 


7 


52 


200 


4.6 


8.2 


2.3 


1-8 


1*4 


!•! 








250 


3.7 


2.5 


1.9 


1-4 


!•! 


•» 




Deflection 


in Inches. 




.23 


.33 


.46 


•6'» 


•7ft 


•»a 








100 


6.8 


4.7 


3.5 


9'7 


9-1 


l^T 








150 


4.5 


3.2 


S-3 


1-1 


1-4 


1-1 


66 


6 


42 


200 


3.4 


2.4 


1-7 


1-9 


1-1 


•» 








250 


2.7 


1.9 


1-4 


!•! 


•8 


•7 




Deflection 


in Inches. 




.27 


.39 


•6a 


•«» 


•87 


1^07 








100 


4.5 


3'l 


9*8 


1*8 












150 


3.0 


9-1 


!•& 


1-9 






67 


5 


84 


2(10 


2.2 


!•« 


l^l 


•» 












250 


1.8 


1-a 


•9 


•7 








Deflection 


in Inches. 




.32 


•46 


•«3 


•(»9 




• • • • • 
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O 



DBOK BBAMS. 



Fignres in small type denote that the beams so placed will deflect more 
than ^f of an inch for each foot of span. 











4 






Length of span in feet. 


1: 


n 


(4 

fifl 








?f . 


s • 




















22 


24 


26 


98 


80 


82 




!§ 

H 












K 


Distance between centbss of 
beams in feet. 


3^ 
3 



1 


OQ 


^ 




7.1 


6.0 


ft-I 


4*4 


9-8 


8*4 


100 








4.8 


4.0 


9-4 


9-9 


9-8 


9-9 


150 








3.6 


3.0 


9-8 


9-3 


1-9 


1-7 


200 


104 


12 


60 


2.9 


2.4 


S-0 


1-8 


l-ft 


1*8 


250 








.86 


.78 


•01 


1*08 


1*91 


1-88 




Deflection 


in Inches. 




5.8 


4'8 


4-1 


9-8 


S-1 


9-7 


100 








8.8 


S-3 


9-7 


9*4 


9-1 


1 8 


150 








2.9 


a-4 


9-1 


I'H 


I'5 


l-'4 


200 


91 


11 


61 


2.3 


!•• 


1-8 


1-4 


1-9 


1-1 


250 








.71 


•84 


•99 


1-lft 


1*39 


1*60 




Deflection 


in Inches. 




4*6 


9-9 


3.3 


9*8 


9«A 




100 








S-0 


9*8 


9-9 


I'O 


1-6 




150 








9-3 


1>9 


!•« 


1*4 


1-9 




aof) 


80 


10 


62 


1-8 


I'ft 


1*3 


I'l 


1-0 




250 








•78 
S-6 


•9S 


1*09 
9-8 


1-96 
9-9 


l'45 






Deflection 


in Inches. 






100 




Sl*4 


S'O 


1-7 


1«5 






150 








!•» 


t-b 


1*8 


1*1 


* 




200 


72 


9 


68 


!•» 


1*9 


1*0 


•9 






250 








•88 


l-OI 


I'91 


1*40 








Deflection 


in Inches. 




«•« 


9-S 


9*0 








100 








!•• 


1-8 


1-8 








150 








1*4 


1*9 


l-O 








200 


61 


8 


64 


I'l 


•• 


•8 








250 








••7 


1»18 


1«S8 










Deflection 


in Inches. 




!•• 








100 




I'S 












150 








• 9 












200 


52 


7 


65 


• 8 












250 








!•!• 














Deflection 


in Inches. 
















100 
















150 




















200 
250 


42 


6 


66 


•••••• 












Deflection 


in Inches. 
















100 




















150 




















200 


34 


5 


67 














250 


Deflection 


in Inches. 




••■••• 












' 
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WBOUGHT ntON AND STEEL. 



PBNOOTB 









GreateBt distances between centres of floor beams, so that the bending 
stress on the beiun will nut exceed its maximum safe load. 



H 


5 




• 


Length of Span in 


Feet. 




1 

L4 




H 


t1. 


10 


12 


14 


16 


18 


20 





Distance 


between centres 


OF 


»4 


^ 


s 


Beams in Feet. 










100 








83.1 


26.2 


21.2 








150 








22.1 


17.5 


14.1 


1 


15 


200 


aoo 

950 








16.6 
13.3 


13.1 
10.5 


10.6 
8.5 




Deflection 


in Tnches. 










.27 

25.3 


.34 

20.0 


.48 




100 








16.2 








150 








16.9 


1:^.3 


10.8 


% 


15 


145 


200 
2S0 








12.7 
10.1 


10.0 
8.0 


8.1 
6.5 




Deflection 


in Inches. 










.27 
22.6 


.34 

17.9 


.42 






100 






29.5 


14.6 








ISO 






19.7 


15.1 


11.9 


9.6 


8 


12 


168 


200 






14.8 


11.3 


8.9 


7.2 








250 






11.8 


9.0 


7.1 


5.8 




Deflection 


in Inches. 








.26 

21.7 


.34 

16.6 


.43 

13.1 


.63 




100 






10.6 








150 






14.4 


11.1 


8.7 


7.1 


4 


12 


190 


200 






10.8 


8.3 


6.5 


5.8 








250 






8.7 


6.6 


6.2 


4.2 




Deflection 


in Inches. 








.26 

21.9 


.34 

16.8 


.43 

13.8 


.53 




100 




20.8 


10.7 








150 




19.9 


14.6 


11.2 


8.9 


7.1 


5 


10^ 


184 


200 




14.9 


11.0 


8.4 


6.6 


5.4 








250 




11.9 


8.8 


6.7 


5.3 


4.3 




Deflection 


in Inches. 






.22 

24.1 


.30 

17.7 


.39 

13.6 


.49 
10.7 


.61 




100 




8.7 








150 




16.1 


11.8 


9.1 


7.1 


5.8 


ti 


m 


106 


200 




12.1 


8.9 


6.8 


5.4 


4.3 


^^9 






2j0 




9.7 


7.1 


5.4 


4.3 


3.4 




Deflection 


in Inches. 






.22 

20.0 


.30 

14.7 


.39 

11.3 


.49 

8.9 


.61 




100 




7.2 








150 




13.3 


9.8 


T.5 


5.9 


4.8 


6 


ICi 


89 


200 




10.0 


7.4 


5.6 


4.4 


3.6 








2j0 




8.0 


5.0 


4.5 


3.5 


2.9 




Deflection 


in Inches 






.22 


.30 


.39 


.49 


.61 
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FLOOB BEAHS. 
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PBNC07D 






J 



BSAMS. 



Figares in email type denote that the beams so placed will deflect more 
than .^(f of an inch for each foot of span. 



Lknotu of Span in Feet. 



22 



24 



26 



28 



30 



83 



distancr between centres of 
Beams in Feet. 



17.5 

11.7 

8.8 

7.0 

.61 

18.4 
8.9 
6.7 
6.4 
.51 

12.0 
8.0 
6.0 
4.8 
M 

8.8 
5.8 
4.4 
8.5 
.M 

e'9 
»•• 

4*4 
t'i 

•T4 

?•« 
4*R 

• •• 

•74 

• •0 
4*0 
S*0 
S*4 
•74 



14.7 


12.5 


10.8 


9.8 


8.4 


7.2 


7.4 


6.3 


5.4 


5.9 


5.0 


4.:^ 


.61 


.72 


.83 


11.3 


9.6 


8.3 


7.5 


8.4 


5.5 


5.6 


4.8 


4.1 


4.5 


8.9 


3.4 


.61 


.72 


.83 


10.0 


8*« 


7-4 


6.7 


• •7 


4«» 


5.0 


4-> 


9'7 


4.0 


S-4 


3*0 


.77 


•90 


I'OA 


7.4 


S-3 


S'4 


4.9 


A"2 


a«s 


8.7 


8>1 


9*7 


2.9 


3>« 


9*9 


.77 


OO 


I'Oft 


7-5 


«*4 


»•• 


ft'O 


4'i 


9-7 


»'7 


S'S 


9^7 


»'0 


s*« 


9*9 


•88 


I'OS 


1-19 


«*0 


S'l 


4*4 


4*0 


S«4 


9*9 


t-9 


So« 


9'9 


9*4 


9*1 


1*8 


•80 


I'OS 


1-19 


»*0 


4-S 


• •7 


s-s 


9-» 


9>» 


s-s 


9-1 


1^8 


g.g 


1*7 


14 


•88 


2 -OS 


1-19 



9.4 
6.8 
4.7 
3.8 
.96 

7.2 

4.8 
3.6 
2.9 
.96 

««4 

4^9 

9*9 

9-4 

I'SO 

4'7 
S*l 
9*4 
1*9 
1«30 

4*8 
9*9 
3-4 
1-9 
l'>7 

9*9 

9'S 

1*9 

!•» 

1'97 

S-'i 
9't 
1-6 
1 i 
1*97 



8-9 

ft. 5 

4^1 

9I*3 
1*09 

6*3 

4^3 

3*9 

9-S 

1*09 

i'l 
9^8 
9-8 
9*9 
l«3S 

4>1 
9-8 
9-1 
1^7 
i*3S 

4*9 

9'H 

9-1 

1*7 

I •87 

9*4 
9*9 

1-7 

1>4 

1*»7 

9*8 

I'll 

1-4 

1-1 

I -ft? 






100 
160 
2()0 
250 



100 
150 
200 
250 



100 
150 
200 
250 



100 
150 
2(0 
250 



100 
150 
200 
2S0 



100 
150 
200 
250 



100 
150 
200 
2j0 



« 

•< 

PS 

a 
o 



^ 



200 
Deflection 

145 
Deflection 

168 
Deflection 

120 
Deflection 

184 
Deflection 

106 
Deflection 

89 
Deflection 



U OD 

GQ 



n 

n 

a 
o 



15 


1 


lu Inches. 




15 


2 


in Inches. 




12 


8 


in Inches. 




12 


4 


in Inches. 





ic* 


5 


in Inches. 




ICi 


Ci 


in Inches. 




lf| 


6 


In Inches. 





r 



60 



WBOUGHT IRON AND STEEL. 



PENOOTB 



n 



J] 
\ 



BEAMS. 



Oreatest distances between centres of floor beams, so that the bending 
stress on the beam will not exceed its maximum safe load. 



i 


3 






Lbnoth of Span in 


Fbbt. 




n 














3 


OF B 
ICHBI 


Sis 
H i4 


iii 


10 


13 


14 


16 


18 


30 


1 


M 


5 


r 


DiSTANCB BETWBBN CENTBBS 

Beams in Feet. 


of 








100 


82.4 


33.5 


16.5 


18.7 


10.0 


8.1 








160 


31.6 


15.0 


11.0 


8.4 


6.7 


6.4 


7 


10 


113 


300 


16.3 


11.8 


8.3 


6.8 


5.0 


4.1 








3S0 


13.0 


9.0 


6.6 


6.1 


4.0 


3.3 




Deflection 


in Inches. 




.16 


.23 


.31 


.41 


.62 


.64 








100 


27.7 


19.3 


14.1 


10.8 


8.5 


6.9 








150 


18.4 


13.8 


9.4 


7.3 


6.7 


4.6 


8 


10 


90 


300 


13.8 


9.6 


7.1 


6.4 


4.3 


8.5 








360 


11.1 


7.7 


5.6 


4.3 


3.4 


3.8 




Deflection in Inches. 




.16 


.23 


.31 


.41 


.62 


.64 








100 


34.6 


17.1 


12.6 


9.6 


7.6 


• •9 








160 


16.4 


11.4 


8.4 


6.4 


6.1 


4-1 


9 


9 


90 


300 


12.3 


8.6 


6.8 


4.8 


8.8 


91 








350 


9.!» 


6.8 


5.0 


88 


3.0 


9-S 




Deflection 


in Inches. 




.18 


.26 


.36 


.46 


.68 


•71 








100 


19.6 


18.6 


10.0 


7.7 


6.1 


4^» 








ISO 


13.1 


9.1 


6.7 


5.1 


4.0 


3-9 


10 


9 


70 


300 


9.8 


6.8 


5.0 


8.8 


8.0 


9^4 








350 


7.8 


5.4 


4.0 


8.1 


3.4 


9-0 




Deflection 


in Inches. 




.18 


.26 


.35 


.46 


.68 


•71 








100 


19.6 


18.6 


10.0 


7.7 


6-1 


4^* 




• 




150 


13.1 


9.1 


6.7 


5.1 


4-0 


9>9 


11 


8 


81 


300 


9.8 


6.8 


6.0 


8.8 


a-0 


9-4 








350 


7.8 


5.4 


4.0 


8.1 


9*4 


9*0 




Deflection 


in Inches. 




.20 


.29 


.39 


.51 


•«5 


•80 








100 


16.1 


11.2 


8.2 


6.8 


S-0 


4>0 








150 


10.7 


7.5 


6.5 


4.3 


s*s 


9*7 


12 


8 


65 


300 


8.1 


5.6 


4.1 


8.3 


si-s 


9-0 








350 


6.5 


4.5 


8.8 


3.5 


9'0 


l-« 




Deflection 


in Inches. 




.20 


.29 


.39 


.61 


•«5 


•do 








100 


18.3 


9.2 


6.8 


0*9 


4-1 


S-9 








150 


8.8 


6.1 


4.5 


8*6 


9-» 


3. a 


18 


7 


65 


200 


6.6 


4.6 


8.4 


S'« 


9*0 


!•? 








350 


5.8 


8.7 


3.7 


9«1 


!•« 


1*9 




Defection 


in Inches. 




.23 


.33 


M 


•A8 


•74 


•90 








100 


11.5 


8.0 


6.9 


4*S 


8*S 


9*» 








150 


7.7 


5.8 


3.9 


S'O 


9*4 


!•• 


14 


7 


63 


300 


6.7 


4.0 


3.9 


a. a 


1'8 


1^4 








360 


4.6 


8.2 


3.8 


1-6 


1>4 


1*1 




Deflection 


in Inches. 




.23 


.33 


•^ 


•58 


•T4 


•00 



ELOOB BEAMS. 



61 



PENCOTD 



if 



J] 



BEAMa 



Mgnres in small type denote that the beams so placed will deflect more 
than 3I-J of an inch for each foot of span. 





1 


rC ■ 




LSNeTH 


OF Span in Fbbt. 


■ 

E4 


I 


» 


• 






t 


2« 


i 














<*« 


a 


ni 


22 


24 


26 


28 


90 


82 


PER 8 

'Floo 
Lbs. 


HTPE 

Lbs. 


n 

SI 




i^ 






s 


Distance 


BETWEEN CENTBE8 OF 


93 


i 


q 


Beams in Fukt. 


J 




OQ 


5 


••7 


8*« 


4'8 


4*1 


S'8 




100 








4*i 


8«7 


S'9 


9'8 


9'4 




150 








S't 


8*8 


9*4 


9'1 


1'8 




200 


112 


10 


7 


a«7 


9*8 


l'» 


!•• 


1*4 




250 








•7S 


•89 


1*08 


1*96 


1*44 






Deflection 


in Inches. 




• •7 


4*8 


4*1 


S'8 


S'l 




100 








S'8 


8'9 


9'7 


9'4 


9'8 




150 








9*0 


9>4 


9-8 


1-8 


l'» 




200 


90 


10 


8 


«•* 


!•• 


l'« 


1*4 


1'9 




250 








•78 


•89 

4*8 


1'08 
8'8 


1*98 
8*1 


1*44 






Deflection 


in Inches. 




• •1 




100 




8-4 


9*8 


9*4 


9*1 




150 








9-8 


S'l 


1'8 


1*8 




200 


90 


9 


9 


8-0 


1-7 


I'ft 


I'S 






250 








•88 


1*89 


1'91 


1'48 




• • • • • 




Deflection 


in Inches. 




4*0 


8*4 


3.9 


9'8 






100 








8«7 


9-S 


9-0 


1'7 






150 








8*0 


1'7 


1'4 


1'9 






200 


TO 


9 


10 


!•• 


!•« 


1'9 


I'D 






250 








•88 


1-89 
8*4 


1'91 
9'9 


1'48 








Deflection 


in Inches. 




4*0 






100 




S'7 


9*3 


I'S 








150 








8*8 


1*7 


1*4 








200 


81 


8 


11 


1-8 


1*4 


1*9 








S60 




' 




.»7 


I'le 
9*8 


1*86 
9-4 










Deflection 


in Inches. 




8-8 








100 




8*8 


1-9 


!•• 








150 








1-7 


1*4 


1-9 








200 


65 


8 


12 


1>8 


I'l 


1-8 








250 








•»7 


1'1« 
9*8 


1'88 










Deflection 


in Inches. 




8-7 








100 




1*8 


I'S 










150 








1-4 


1-9 










200 


65 


7 


18 


I'l 


•» 










250 








1-88 


1*82 
9*8 












Deflection 


in Inches. 




9*4 










100 




1*8 


I'S 










150 








1*9 


1'8 










200 


62 


7 


14 


•» 


•8 










250 








1*88 


1'89 












Deflection 


in Inches. 



















r 



&A 



WEOUGHT ERON AND STEIX. 



PSNCOYD 



f 



J] 



BBAMS. 



Greatest distance between centres of floor beams so that the bending; 
stress on beam will not exceed its maximum safe load. 

Figures in small type denote that the beams so placed will deflect more 
than ^ of an inch for each foot of spun. 



t 


» 


•• 

Q 




Length of span in feet. 






^ J! 


h9 


OS Nq « 
Pk ^ "^ 












10 


12 


14 


16 


18 


20 




§5 


S 

s 


5^ 


DiBTANCB 


BETWEEN CENTRES 


of 




OQ 


^ 


3 




BEAMS IN FEET. 










100 


8.4 


N.8 


4*8 


t*s 


S-« 


9^1 








160 


5.6 


8.9 


9^8 


«^2 


1^7 


!■« 


15 


6 


60 


200 


4.2 


2.9 


a^i 


1-6 


l^S 


1*0 








260 


8.8 


2.3 


1-7 


1-8 


1-0 


•8 




Deflection 


in Inches. 




.87 


.38 


•ftS 


•«9 


•«7 


I'OT 
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5.2 
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1'9 
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fS 


16 
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40 
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3.7 
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!•» 
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1-2 


•• 
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•T 
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.38 
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2-« 
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!•» 


!•> 
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1-7 


1-8 


l^O 


•• 


17 


6 


84 


200 


2.5 


1-7 


1-8 


1-0 


•8 


•• 
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2.0 


1*4 


1-0 


•8 


•« 


•6 
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•46 
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•62 


I '04 


1-20 








100 
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1-4 


i^a 
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2-1 


1*6 


1-2 


•9 


•8 


18 


6 


80 
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2.3 


!•« 
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•9 


•7 


•8 
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•7 


•« 


•5 
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in Inches. 
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•ft 


•4 
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TIE RODS FOR BEAMS SUPPORTING BRICK ARCHES. 

The horizontal thrust of Brick arches is found as follows : 

1.5 Wl? 

'-—u — = pressure in lbs. per lineal foot of arch. 

W = Load in lbs. per square foot. 

L = Span of arch in feet 

B = Rise in inches. 

Place the tie rods as low through the webs of the beams as 
possible, and spaced so that the pressure of arches as obtained 
above will not produce a greater stress than 15,000 lbs. per 
square inch of the least section of the bolt. 

Example. — The beams supporting an arched brick floor are 
five feet apart, and the rise of the arches is six inches. The to- 
tal weight of floor and load equals 150 lbs. per square foot. 

Then — ^ = 937.5 lbs. pressure per lineal foot of 

arch. If one-inch screw bolts are used which have an effective 
section of ^a square inches. Then .6 x 15,000 = 9,000 lbs. which 
is the greatest load the bolt should be allowed to sustain, and 

9 000 

-^-— = 9.6 feet = greatest distance apart of the bolts, or in 

same manner we would find 5.3 feet, if I inch tie rods are used. 

Ordinarily it will be found necessary to limit the spacing of 
the tie rods to avoid excessive bending stress on the outer beams 
of the floor, or to prevent this bending stress being transferred to 
the walls of the building. 

The ability of the outer beams to resist the horizontal bending 
action caused by the pressure of the arches is determined as fol- 
lows : 

LATERAL STRENGTH OF FLOOR BEAMS. 

The resistance to bending of any I Beam or Channel bar, for 
a force acting at right angles to the web, or in the direction of 
the flanges, 

W = j-p for I Beams. 
W = j-^y for Channels. 



64 WBOUGHT IBON AND STEEL. 

W = Safe distributed load in net tons. 
L = Length in feet between supports. 
jP = Width of flange in inches. 

I = Moment of inertia, axis coincident with web, see ooL 
Tiii., pages 92-101. 

The above gives results which have been proved by experiment 
not to exceed one- third the ultimate strength of the beams. The 
formulaB given properly apply to beams secured at each end 
only. If the beam is of considerable length requiring supports 
at several points, it can be considered as contimums (see page 
75), and the formuLe become, 

15/ 
W = j-ip for I Beams. 

^ 12/ , ^ , 
W = -jTpi for Channels. 

Hxample. — ^A 9-inch 70 lb. I Beam forming the outer support 
for an arched brick floor has the tie rods at intervals of 6 feet. 
What evenly distributed horizontal pressure will it safely resist ? 
/= 6.6 (see coL viii., page 92). ^=4^ inches (see coL C, 

page 2). Then W= ^^ ^ ^i^ = 8.4 tons or 1.130 lbs. per Un- 

eal foot of arch. 
Knowing the amount of the load W and requiring the distance 

15/ 
L. Above equation becomes L* = j = y in which W = pres- 
sure or load on beam per lineal foot. 

Example.^An 8" 43 lb. channel bar forms the end support 
for a system of brick arches having a span of 4 feet and 4 inches 
rise. How closely ought tie rods to be placed so that the chan- 
nels will not be overstrained ? The hori^ntal thrust per lineal 

foot of arch = ^1^-^-15^-^ = 900 lbs. or .45 tons. /=2.17. 



F=%^t. 



X« = i?2i^7ori; = 5feet 
.45 X 2A 
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It will generally be found that an angle bar makes a better 
and more economical support for the arches on the side walls 
than either an I beam or channel. 

The resistance to bending of an angle is readily found by the 
rule given on page 69. 

MAD 



W = 
beam. 



L 
lAAD 



= safe distributed load for a non-continuous 



yy — ^-^^^ -. ga^fg distributed load for a continuous beam. 

And as before L^ = ' • A being the sectional area in 

square inches, and 2> the width or size of the angle in inches. 

Appljring this rule to the last example, and considering the 8" 
channel replaced by a 4" x 4" x i" angle whose area = 3.75 
square inches. 



Z* = 



1.4 X 3.75 X 4 
.46 



= 46 . 6 or L = 6 . 8 feet between centers 



of boits. Stress on bolts 900 x 6.8 = 6,120 lbs. To resist this 
I" would be the proper diameter of the screw. 
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BEAMS SUPPORTING BRICK WALLS. 

If the wall has no openings and the bricks are laid with the 
asual bond, the prism of wall that the beam sustains will be of 
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a triangular shape, the height being one-fourth of the spaOo 
Owing to frequent irregularities in the bonding, it is best to con- 
sider the height as one-third of the span. 

The weight of brick work for each inch of thickness, is about 
10 lbs. per square foot. Therefore the weight of the triangular 
mass of brick that the beam supports is found as follows : 

apt in 
span X — o- in feet 

X 10 times the thickness of the wall in inches 

2 

= weight in lbs. ; or reducing above to its more concise form, 

W = Weight in lbs. supported by the beam. 
t = Thickness of wall in inches. 
8 = Span of beam in feet. 
The greatest bending stress at the center of the beam, result- 
ing from a brick wall of above shape, is the same as that caused 
by a load one-sixth less concentrated at the center of the beam. 

Example. — What beam will be required to span an opening of 
16 feet, and carry a solid brick wall 8 inches thick, the beam not 
to be strained more than one-third of its ultimate strength ? 

Weight of wall by the rule. W = ^^ "" ^g"" ^^^ = 3.413 lbs. 

Considering the load as in middle of beam, it would be five- 
sixths of above = 2,845 lbs., or 5,690 lbs. if evenly distributed. 

By our table page 43, a 7" I beam 52 lbs. per yard, comes near- 
est to what is required, its greatest safe distributed load being 
3.5 tons. The deflection under this load will be about .45 of an 
inch, found as described on page 89. 

If a wall has openings such as windows, etc.. the imposed 
weight on the beam may be greater than if the wall is solid. 

For such a case consider the outline of the brick, which the 
beam sustains, to pass from the points of support diagonally to 
the outside comers of the nearest openings, then vertically up 
the outer line of the jambs, and so on if other openings occur 
above. If there should be no other openings, consider the line 
of imposed brick work to extend diagonally up from each upper 
corner of the jambs, the intersection forming a triangle whose 
height is one-third of its base, as described at beginning. 



FOBMUL^ FOB BOLLED IBON BEAMS. 67 

APPROXIMATE FORMULA FOR ROLLED IRON 

BEAMS. 

The following rules for the strength and stiffness of rolled 
iron beams of various sections are intended for convenient ap- 
plication in cases where strict accuracy is not required. 

The rules have been derived from the authoritative formulae. 
Those for rectangular and circular sections are correct, while 
those for the flanged sections are limited in their application to 
the standard shapes as given in our tables. They will be found 
to give results which have been proved by experiment to be suf- 
ficiently accurate for practical purposes. When the section of 
any beam is increased above the standard minimum dimensions, 
the flanges remaining unaltered, and the web alone being thick- 
ened, the tendency will be for the ultimate load as found by the 
rules to be in excess of the actual, but within the limits that it 
IS possible to vary any section in the rolling, the rules will apply 
without any serious inaccuracy. 

IN THE TABLES OF F0BMT7LJE 

Column I. indicates the cross section of the beam. 

Column II. gives the ultimate load applied at the center of a 

beam supported at each end. 

Column III. gives the ultimate load uniformly distributed over a 

beam supported at each end. 

Column lY. indicates the deflection under any load, w (not ex- 
ceeding one-half the ultimate load) at the middle 
of the beam. 

Column V. gives the deflection for a load uniformly distributed. 

SAFE LOADS. 

The ultimate load given in the tables is deflned on page 32. 
One-third of this should be accepted as the greatest safe station- 
ary load, and from one-fourth to one-sixth of the same when a 
moving or fluctuating load is imposed, according to the way it is 
applied, or the degree of stiffness required. See table, page 34. 

10 -4 = WEIGHT PER YARD IN LBS. 

The area, A, of any cross section of wrought iron may be ob- 
tained by dividing its weight per yard by 10 ; and vice verm, its 
weight per yard may be found by multiplying its area in square 
inches by 10 ; e.g, the area of a beam weighing 50 lbs. per yard 
is five square inches. 
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Examples Calculated fkom Preceding Tables. 
SOLID RECTANGULAR SECTIONS. 

Example 1. — To find the breaking load for any solid rectan- 
gular beam loaded in the middle. 

C = Solid rectangular bar, 2 inches wide, 4 inches 
4" deep and 10 feet between supports. Then, from For- 
mula No. 1 , we have — — r^r = 4. 16 tons breaking 

load in middle of beam. 

Example 2. — To find the uniformly-distributed breaking load 
for same beam. 

Formula No. 2. g-^ \l^ ^ = 8.32 tons breaking load uni- 

formly distributed. 

ExampU 3. — To find the deflections for above beam under the 
greatest safe loads; viz., one^third breaking loads. 

Formula No. 3. \^J!^^^ = 0.36 inches, for a load of 1.39 

30 X 8 X 16 

tons in middle. 

Formula No. 4. fjIL^-M^ = 0.46 inches, for a load of 2.77 

48 X 8 X 16 

tons distributed. 



HOLLOW RECTANGULAR SECTIONS. 

Example 4.— To find the breaking loads for any hollow rec- 
tangular beam supported at both ends. 
*..4''j, Let be a hollow rectangular section, 4 inches wide, 
8 inches deep, external dimensions ; 3 inches wide, 6 
? inches deep, internal dimensions; 15 feet between sup- 
ports. 

Fonnula No. 5. lACMiL^) = a8jL«0= 12.88 ton8,break- 

15 
ing load in middle ; and multiplying this result by 2, we have 
25.66 tons for the breaking load uniformly distributed. 
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Example 5. To find the deflection of this beam with three tons 
in middle; also with six tons distributed. 

3 X 3375 
Formula No. 7. g-g-__^^-l^___ = o.24 inches de- 

flection with three tons in middle. 

T31 1 XT o ^ ^ 3875 

Fonnul. No. 8. ^g-^^^-^ ^^ _ ^^g—^ ^ = 0.3 inches de- 
flection with six tons distributed. 



SOLID AND HOLLOW CYLINDERS. 

The preceding examples for rectangles will 
apply to the circular sections by merely sub- 
stituting the proper co-efficients as given in 
Formulae 9 to 16 inclusive. 



EVEN-LEGGED ANGLES AND TEES. 

Example 6. — To find the breaking loads for an even-legged 
angle or tee, used as a beam supported at both ends. 

™4r.„.^ Weight, 37 lbs. per yard or 3. 7 square 
1^ inches section ; 12 ft. between supports. 

J FormulaNo.ia^-^\^/^^ = 3.45 

tons breaking load uniformly distributed, or 1 . 73 tons breaking 
load in the middle. 





iJ 



Example 7. — To find the deflection of the above beam under 
a load suspended from the middle of the beam. 
Load = 1500 lbs. = .75 tons. 

Formula No. 19. '^^'iV'^^ = .64 inches deflection. 

34 X 3.7 X 16 

Theoretically an angle has the same transverse strength as a 
tee of the same dimensions. But owing to the difficulty of dis- 
posing the load as symmetrically on the angle as on the tee, the 
latter shape generally yields better results by experiment. 
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CHANNEL BARS. 

JSxampIe 8. — To find the breaking loads for a channel bar 
used as a beam supported at both ends. 

fgfe Channel bar 9 inches deep, 70 pounds per yard; 7 square 
inches section, 14 feet between supports. 

Formula No. 22. ^'^ ^ J >^ ^ = 17.1 tons distributed 

14 

breaking load, or half this weight will be the breaking load in 

the middle. 

Example 9. — To find the deflection of above beam under 
greatest safe distributed load. 

17.1 




3 



= 5.7 tons greatest safe distributed load. 



Formula No. 24. I ;*^ 1^'^^, = 3.6 inches deflection. 

80 X 7 X 81 



I BEAMS. 

Example 10.— To find the breaking loads for an I beam, 
loaded in the middle and supported at both ends. 

A 15" I beam, 200 lbs. per yard, 20 square inches area, 

T 1 20 feet between supports. Formula No. 29. ^-^ ^ ^ ^ ^^ 




= 31.5 tons middle breaking load; one-third of which 
(10.5 tons) will be greatest safe load in middle, or twice 
this (21 tons) equals greatest safe load distributed. 

Example 11.— To find the deflections for the same I beam 
under the above greatest safe loads. 

Formula No. 31. ^^A^L^ = .83 inches under a load of 

56 X 20 X 225 

10.5 tons in the middle. 

Formula No. 32. J;^ L^o,. = -41 inches under a load of 

90 X 20 X 225 

21 tons uniformly distributed. 

Although the preceding rules for I beams and channels give 
results which are substantially correct for all the standard sec- 
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tions as ordinarily rolled, yet they are not strictly accurate, and 
not applicable to the heavier-built beams, whose flanges are 
much. larger, relatively to the web, than is the case in the aver- 
age rolled beams. For such cases, the following formula is 

correct. -^ j — '■ = breaking load in middle of beam. 

A =: Area of one flange. 

D' = Depth between centres of flanges. 

a' = Area of web. 

d' = Depth of web. 

For example, a beam 20 inches deep, flanges 8" x 1", web i" 
<„ g".. thick, 20 feet between supports. 





6.6 X 8 K 19'^ + 1.2 X 4.5 x 18 

30 



= 55 tons 



breaking load in middle of beam ; whereas the Rule in 
Table for Boiled Beams would give a similarly placed load of 

2.1 X 20.5 X 20 



20 



= 48 tons. 



When the load is concentrated away from the centre of beam, 
the ultimate load will be to the load at centre as the square of 
half the span is to the product of the segments formed by posi- 
tion of load. 

Example. — A beam 20 feet between supports has its load 
placed 5 and 15 feet respectively from each end : the breaking 
load at that point is to the calculated breaking centre load as 100 
i0 to 75. 



BEAMS HAVING NO LATERAL SUPPORT BETWEEN 

BEARINGS. 

If beams are us 3d without any support sideways, the ten- 
dency to fail, by lateral bending of the top flange, will increase 
with the length of the beam ; and, in such cases, it is better to 
limit the application of the preceding rules to beams whose 
len^hs do not exceed 20 times the width of the flange, gradually 
increasing the factor of safety for longer beams ; so that, when 
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the beam reaches a length equal to 70 times the width of the 
flange, the greatest safe load would be about one-sixth ot the 
calculated breaking load, or the proper factor of safety for the 
latter beam would be double that for the former. (See page 36.) 

CANTILEVER BEAMS. 

The application of the preceding rules to overhanging beams 
fixed at one end and free at the other, is best indicated by sup- 
posing a beam with both ends supported to be inverted, and the 
reaction of the supports considered as the positive load. 




It is then evident that a beam, A C (see above illustration), 
both ends supported, will be strained with a middle load, W, in 
an equal manner to a cantilever, AB ot BCyOt half the length 
of ^ C7 and having a similar section, and bearing one-half the 



load r 



or— j at its end. 



EXAMPLES FOR CANTILEVER BEAMS. 

A rectangular bar, 6"x2", built into a wall and projecting 
fiH^ eight feet. For load concentrated at its end, take one- 
fourth the co-efficient in Table for Beams with both ends 

supported and load in middle. -^ — ^ — ^ — =2.9 tons 

4 X o 




ultimate load. Deflection under one-third of above, or say nine- 
tenths of a ton; substituting one-sixteenth of the co-efficient for 

9 X 512 

deflection when load is in middle. — ^r^ — ^^ = 0.66 inches 

1^ X 12 X 36 

deflection at end. 

^i^ T A 12-inch I beam, 15 square inches section, extends 
i // 10 feet beyond a rigid support. For a load evenly dis- 
I tributed, take one-fourth the co-efficient for a beam 

*s^-* supported at both ends, bearing a distributed load. 

1.05 X 15 X 12 _ jQ 9 t^jjjs breaking load distributed. 
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For deflection under five tons distributed, substitute one-sixth 
of the co-eflicient for deflection in Kule for Beams supported at 

both ends with load in middle. 5—^ — :r= — irjj = 0.25 inches 

deflection at end of beam. 



CONTINUOUS BEAMS. 

When a beam is continuous over several supports, or when 
both ends are as rigidly secured as is necessary at the fixed ends 
of a cantilever, the beam is practically in the same condition as 
a non-continuous beam of shorter span. 

When the load is applied at the middle of the span, the ulti- 
mate breaking load of a continuous beam is equal to twice that 
for a non-continuous beam similarly loaded and of the same 
length and section. 

When the load is evenly distributed, the ultimate load for a 
continuous beam is 1.5 times greater than the ultimate load t6r 
a non-continuous beam under the same conditions and of the 
same length and section. 

The deflection of a continuous beam is one-fourth that of a 
non-continuous beam when similarly loaded. 

To find the strength and stiffness of continuous beams, take 
the rules given for non-continuous beams and alter the co-efficients 
in the proportions stated. 

EXAMPLES FOR CONTINUOUS BEAMS. 

A 4.inch I beam of three square inches section is continuous 
over supports twenty feet apart. To find the greatest safe load 
uniformly distributed, and corresponding deflection, take 
1.5 times the co-efficient for a similar non-continuous beam. 

-^ — 2^ = 3. 78 tons breaking load, or 1 .26 tons safe distrib- 
uted load. For deflection, take four times the co-efficient for the 

1 * .• u 1.26 X 8000 A Brn * 

same class of non-continuous beam, ^^t^ — ^ — ^ = 0.58 of an 

ooO X 8 X 16 

inch deflection. 

For a continuous beam bearing load in middle, take twice the 
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co-efficient given for the strength of a ^milarly loaded non-con. 
tinuous beam, and, for deflection of the former, take four times 
the co^efficient given for the latter beam. 

It will be observeu that these rules apply only to the interme- 
diate spans of continuous beams, as, owing to the failure of con- 
tinuity at one end of each outer span, the conditions are altered. 
If, however, the outer ends of a continuous beam overhang the 
end-supports from one-flfth to one-fourth of a span, and bear the 
same proportion of load as the parts between supports, then the 
outer spans may be of same length as the intermediate spans, 
subject to the same load, and the strength and stiffness are de- 
termined by the same rules ; otherwise, the outer spans ought 
to be only four-flf ths of the length of the intermediate spans 
when the load is distributed, or three-fourths of the same when 
the load is concentrated in th^ middle ; or, if the lengths of 
spans are all alike, the loads on outer spans ought to be reduced 
in the same proportion. 

The following table exhibits the relative proportions of 
strength and stiffness existing between the various classes of 
beams when they have the same lengths and uniform cross 
sections ; the deflections beiug oomparative figures for the same 
loads. 



Kind of Beam. 


Breaking; 
lord as 


Deflection 
as 


Fixed at one end— loaded at the other 

Fixed at one end — ^load evenly distributed. . . 

Supported at both ends—load in middle 

Supported at both ends — load evenly distrib- 
uted 


i 
i 

1 

2 
2 
8 


16 
6 

1 

* 
i 


Continuous beam — ^load in middle 


Continuous beam— load evenly distributed. . . 



The breaking load and deflection of a beam supported at both 
ends and loaded in the middle have been taken as the units in 
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the preceding table, and — the proportional strength and stiffness 
of similar beams under different conditions given — to find the 
proper co-efficient for estimating the strength and stiffness of 
the beam required, it is necessary to alter, in the given propor- 
tions, the co-efficient for the same beam when supported at both 
ends and loaded in the middle. 

CHANGES OF CO-EFFICIENTS FOR SPECIAL FORMS OF 

BEAMS. 

For beams of the character denoted in list below, change the 
co-efficients in table of formuhe, pages 68-69, in the ratio given* 
For concentrated loads and distributed loads respectively, 
change the co-efficients given for the same kinds of loads in the 
table. 



KIKD OF BEAM. 



Fixed at one end, loaded at 
the other. 



Fixed at one end, load 
evely distributed. 



fioth ends rigidly fixed, or 
a continuous beam, 
with load in middle. 



Both ends rigidly fixed, or 
a continuous beam, with 
load evenly distributed. 



CO-EFPICIENT FOB 
VLTIHATE LOAD. 



One-fourth (\) of 
the co-efficient of 
table. 



CO-EFFICIENT FOB 
DEFLECTION. 



One-fourth (i) of 
the co-efficient of 
table. 



Twice the co-effi- 
cient of table. 



One - sixteenth 
{^fi) of the co- 
efficient of ta- 
ble. 



Five - forty- 
eighths ifii) of 
the co-efficient 
of tables. 



One and one-half 
(li) times the co- 
efficient of table. 



Four times the 
co-efficient of 
table. 



Four times the 
co-efficient of 
table. 
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BENDING MOMENTS AND DEFLECTIONS FOR BEAMS 

OF UNIFORM SECTION. 



>r= Total load. 

L = Length of beam. 



£ = Modulns of elasticity. 
/ = Moment of inertia. 



Form of beak and position of 

LOAD. 



Beam fixed at one end loaded at ttie 
other : 



FtQ. 1 




Draw triangle having A •— WL. 
Vertical lines give bending moments 
at corresponding points ou the beam. 



Beam fixed at one end, load uni- 
formly distributed : 



FIQ.2 




.^o o o o o o 



WL 
Draw pnrabola having A = — — 

Ordinates give bending moments at 
corresponding points on the benm. 



Beam supported at both ends, load- 
ed in the middle : 



FIQ. 3 




<- — L 



Draw triangle having A = 



WL 



Vertical lines give bending moments 
at corresponding points on the beam. 



Maximum 
bending 
moment. 



at point of 
support 



at point of 
support 

= ~8" 



at middle 
of beam 
WL 



Maximum 

shearing 

stress. 



at point of 
support 



at point of 
support 



at point of 
support 

_ ^ 
-'2' 



Deflection. 



at end of 
beam 
WL* 

"ZEf 



at end of 
beam 

_ ?^ 



at middlo 
of beam 



BEIIDINa MOMENTS AND DEFLECTIONS. 
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BENDING MOMENTS AND DEFLECTIONS FOR BEAMS 

OF UNIFORM SECTION. 



TF= Total load. 

L = Length of beam. 



E = Modulus of elasticity. 
/ = Moment of inertia. 



FOBJf or BEAM AKD POSITION OV 
LOAD. 



Maximum 
bending 
moment. 



Beam supported at both ends, load 
ODiformly distributed : 



nQ.4 




Draw parabola having A = -^— . 

o 

Ordinates $rive bending moments at 
corresponding points on the beam. 



Beam supported at both ends, load 
concentrated at any point : 



FiQ.6 




Draw triangle having A = 



Wab 



Vertical lines give bending moments 
at corresponding points on the beam. 



at middle 
of beam 
_ WL 

8 • 



at position 
or load 
_ Wad 



Maximum 

sliearing 

stress. 



at point of 
support 

_ ^ 



at point of 
support 
next to a 
Wb 



at point of 
support 
next to b 
}Va 



Deflection. 



at middle 
of beam 
_ WL* 

~ Ttt.SJE/* 



at position 

of load 
_ a^b^W 
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BENDING MOMENTS AND DEFLECTIONS FOR BEAMS 

OP UNIFORM SECTION. 



W = Total load. 

L = Length of beam. 



E = Modulus of elasticity. 
/ = Moment of inertia. 



Beam supported at both ends, with concentrated load at various points : 

R 




Draw (by 5) the triangles having vertices at C, D and E, the verticals rep- 
resenting bending moments for loads w^, w^ and w^t respectively. Extend 
EC to P, OD to Jij and HE to S, making each long vertical equal to the sum 
of the bending moments corresponding to its position. That is, FP = EC 
+ FI+ EJ. GR=GD-[^QL+ OK. And HS = UE-\- HN^ HM. Verti- 
cals drawn from any point on the polygon, APBSB to AB^ will represent the 
bending moments at the corresponding points on the beam. 



Beam rigidly secured at each end, and loaded in the middle. Or the inter- 
mediate spans of a continuous beam, equally loaded in the middle of each 
span : 

A 



nG.7 




<--- L 



Points of contraflcznre at ar, x, where Moment = O, Distance of x from 

r WL 

either support = — . Equal moments at middle and ends = -^ . Deflection 



WlEf 



WL. 



Draw a triangle having A = -^^ and at ends draw verticals BB\ each 

WL 
= -^* join BB'. The vertical distances between BB' and the sides of the 

o 

triangle, represent the moments for corresponding points en the beam. 



BENDING HOHKNTS AND DEFLECTIONS. 
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BENDING MOMENTS AND DEFLECTIONS FOR BEAMS 

OF UNIFORM SECTIONS. 



Tr= Total load. 

L = Length of be'am. 



E = Modalas of elasticity. 
/ = Moment of inertia. 



Beam rigidly secnred at each end with load uniformly distributed. 
Or the intermediate spans of a continuous beam bearing a uniformly dis- 
tributed load on each span : 



Fias 




^ — 



Points of contraflexure a;, a;, where moment = 0. Distance of x from 

either support = .21 L. 

WL 
Draw parabola liaving A = -g-* Draw verticals B, B\ each equal to 

WL 

~- ' join BB'. The vertical distances between BB' and the cfun'c of the pa- 

rabola represent the moments for corresponding points on the beam. 

WL 
Maximum moment at points of support = —--. 



Moment at middle of beam = 



WL 
24' 



Maximum deflection at middle of beam = 



WL* 
907.2E/ 
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BEAMS FOR SUPPORTING IRREGULAR LOADS. 

When a beam has its load unequally distributed over it, the 
proper size of the beam can be determined by Unding the maxi- 
mum bending moment and proportioning the beam accordingly. 
Equilibrium is obtained when the bending moment is equal to 
the moment of resistance. That is, when the external force mul- 
tiplied by the leverage with which it acts is equal to the strength 
of the material in the cross section of the beam multiplied by 
the leverage with which it acts. The ultimate moment of resist- 
ance for a wrought-iron beam of symmetrical form is 

48000/ 84000/ 
i depth d 

d = depth of beam in the direction in which the force acts. 
/ = the moment of inertia about the axis at right angles to the 
direction of the force. 
The greatest safe moment of resistance as adopted in oar tables 
is one-third (i) of above, 

^ 28000/ Jf / 
M = or = — • 

d mm d 

The co-efficient to be changed according to the factor of safety 

desired. The rule would thus be ^ ™^.'* - = - • 

Go-emcient d 



EULE FOR BEAMS BEARING IRREGULAR LOADS. 

Find by the methods described in preceding article the maxi- 
mum bending moment in inch-lbs. for the loads. Divide the 
moment by the proper co-efflcient as described above. Find in 
the tables, pages 92-96, a beam whose inertia divided by its 
depth is not less than this quotient; which will be the beam re- 
quired. 

In some instances the maximum bending moment can be most 
readily found by the use of diagrams, as described in the succeed- 
ing article. 

When this is done use any convenient scale, making all loads 
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and all distances respectively of the same denominations. The 
maximum bending moment can then be measured to scale. 

Example, — An I beam 8 feet long is to be fixed at one end and 
loaded at the other with 5,000 lbs. and carrying also an tvenly 
distributed load of 8,000 lbs. What size of beam should be used 
so as not to ba strained over one-third of its ultimate capacity ? 

Moment for end load = 5,000 x 96 = 480,000 inch-lbs. 

" distributed load = ?i5?^^ = 384,000 " 

Total = 864,000 " 

For one-third (^) of ultimate the co-efficient will be 

-^ — = 28,000. 

28,000 -""^'^-a 

By Column VIL, page 92, for a 12" 168 lb. I beam, 7= 
871.98, which divided by 12 = 30.99; or a 15" 145 lb. I beam, 

-V =84.7. The latter beam would be stronger and lighter. 

In the following example the maximum bending moment can 
be very readily obtained by a diagram as described in Fig. 6 of 
the preceding article. 

Example.— A beam 20 feet long between supports, will carry 
three loads, which we will call -4, B, and C, 

A = 4,000 lbs. and is 4 feet from one end of the beam. 

C = 6,000 lbs. and is 3 feet from the other end of the beam. 

B — 5,000 lbs. and is 5 feet from C and 8 feet from A, 

What beam is best to use for above, not strained over one- 
fourth of the ultimate ? Describe the diagram as per Fig. 6, 
when the following bending moments in ft. -lbs. will be ob- 
tained. 
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At point A 

Forload^.. 12,800 
J9.. 8,000 
C7.. 8,000 






Total 24,400 



At point B 



ForJoad^.. 24,000 
A.. 10,800 
C. 6,400 






Total. . . . 41,200 



At point C 



For load C. . 16,300 
B., 8.900 
A,, 3,400 






Total. . . . 26,e00 



The maximum moment at -B = 41,200 ft. -lbs. or 494,400 inch- 
lbs. For one-fourth of ultimate strength co-efficient = 21,000. 

^'^-235-^. 
21,000 ""^•*'""<i 



By table on page 92, for a 12" 120 lb. I beam 1 = 22.74, be- 

a 

ing slightly deficient. A 12" 125 lb. I beam will be ample. 

If more lateral stiffness is required than a single beam affords, 

use a pair of channels separated and braced horizontally. Two 

12" 75 lb. channels -r = 23.6, would suit above purposes. 

Note. — The tables of elements, except where otherwise speci- 
fied, are calculated for dimensions in inches and weights in lbs., 
consequently in examples of above character it is necessary to 
ootain bending moments in inch-lbs. 



BEAMS SUBJECT TO BOTH BENDING AND COM- 
PRESSION. 

When a beam is subjected to bending action and simulta- 
neously has to act as a strut by resisting compression, the stress 
of the fibres of the beam in tension will be relieved and those in 
compression correspondingly augmented. 

No general rules can be given for such conditions, as every 
particular case requires its own proper determination. The fol- 
lowing methods, though not strictly correct, will give safe re- 
sults for some simple forms of trussed girders, etc. 

(1.) When the beam is subject to compression but is so- con- 
fined laterally that it cannot fail by bending like a strut. 
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Bute. — Find the section of beam required to resist bending, 
then allowing Xrom 10,000 to 15,000 lbs. per square inch of sec- 
tion for the compression, according to the factor of safety used, 
add the area so found to the first area, which will give the sec- 
tion of required beam. 

Example, — What I beam is required to span an oj^ning of 80 
feet, to be trussed 3 feet deep between centres in the manner 
illustrated in Fig. 6, page 165? (this trussed beam carries a brick 
wall which weighs 500 lbs. per lineal foot, but which braces the 
beam from yielding sideways), the beam to be proportioned for 
a safety factor of four ? 

Here the beam can be considered as composed of two separate 
beams, reaching from the centre to each end, each being 15 feet 
long, carrying a distributed load of 15 x 500 = 7,500 lbs., and 
subject to a compression resulting from the trussing of 18,750 
lbs. Our approximate tables for beams, on page 69, will be 
found most convenient for such calculations as the above, and 
are sufiQciently accurate for practical purposes. For I beam, 

dividing co-efficient by 4 we have ^^ — = safe distributed 

loads 8. 75 tons. 
By trial we find for an 8" 65 lb. I beam ^'^ ^^'^ ^ ^= 8.64, 

or nearly correct. 

For the compression, allowing 12,500 lbs. per square inch, we 
require 1^ square inches. Therefore an 8" I beam, 8 square 
inches section, will be safe. 

If desirable to use a deeper, lighter beam, try a 9-inch beam 75 
lbs. per yard ; allowing 1^ square inches for the compression, we 

105 X (( X 9 

have a section of 6 square inches remaining ; — = 3. 78. 

15 

The latter beam being both stronger and lighter than the 8- 

inch. 

(2.) When the beam is subject to compression and is liable to 

fail lilce a horizontal strut by lateral flexure. 

Rule, — Consider first the resistance as a strut and then make 
the necessary increment of section to resist the bending stress, 
remembering that if the addition is made to the flanges then 
only flange stresses have to be considered, but if the increased 
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area is obtained by thickening the web of I beam or channel sec 
tions. then the additional area so obtained should be treated as a 
rectangular section whose thickness is the amount added to the 
web, and whose depth is the depth of the beam. 

Eocample. — A trussed girder of the form exhibited in Fig. 8, 
page 1^, is a box section made up of two channels separated with 
flanges outward, and plated top and bottom. The whole girder 
is 30 feet long and is loaded 1,000 lbs. per lineal foot. The com- 
pression resulting from the trussing is 25,000 lbs. The structure 
has no lateral bracing. What will be safe proportions for it, the 
stresses not to exceed i of the ultimate ? 

It is evident that we have to consider it as a flat-ended strut 
80 feet long liable to fail horizontally, and also as a series of 3 
beams each 10 feet long and loaded with 10,000 lbs. evenly dis- 
tributed. Trying 2 lightest 5" channels, each 2.27 square inches 
section, separated 5^" so as to be covered by 9" plates, we have 
(omitting the plates in this calculation,) the radius of gyration 

around vertical axis (see page 110) = 3.25 inch- 

I 
es, - = 110, one-fifth of ultimate (by Table I, 

page 118) = 5,600 lbs. per square inch, or 5,600 
X 4^ = 25,200 lbs. safe resistance, which is 
ample. Now proportioning the plates to resist 
the bending strain we have maximum bend- 
ing moments (see page 78), 1_?^^^M?? = 150,000 inch-lbs. 

o 

The plates act with a leverage equal to the depth of the chan- 
nel, viz., 5" J — ^ — = 30,000 lbs. tension on top or compres- 

sion on bottom plate, which, allowing for 10,000 lbs. per square 
inch, and allowing for loss by rivets, will require a plate f" 
thick. 

(3 ) Taking the last example, if it was desired to form the sec- 
tion out of a pair of channels latticed top and bottom with no 
cover plates, we would have to consider the section added to the 
channels (being on the web alone), as a simple rectangular sec- 
tion. By the formula on page 69, approximate rules, we find 
that such a section only 5" deep would require a thickness of 
8.8 inches, which is impracticable ; we have therefore to use deep- 



^ 




^^ 



^ 
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er and heavier channels. Trying b" channels separated as be- 
fore 5^ inches, with flanges outward, and having radius of gyra- 
tion for the pair around vertical axis = 3.4, — = lOG. Safe load 

r 

29 000 

— *-^— = 5,800 lbs. per square inch. As the compression is 25,0( 
o 

lbs., there is required 43 square inches for this purpose. By 

formula 2, page 68, yr = 6 tons, from which is 

found the area required to resist bending = 12 square inches. 
12 + 4.3 = 16.3 square inches for 2 channels, or the heaviest 8' 
channels 80 lbs. per yard would be required. 

By the same method we find 10 ' channels 68 lbs. per yard, 
will answer the purpose, or our lightest 12" channels 60 lbs. 
per yard, will exactly meet the requirements and be the lightest 
channel that can be used in the manner proposed for the pur- 
pose. 

In cases where the load is concentrated at the truss points, 
there being no bending stress, the resistance as a strut has only 
to be considered, and when braced laterally the strut length is ^ 
reduced to the distances between bracing. 



ELEMENTS OP PENCOYD STRUCTURAL SHAPES. 

In the following tables, pages 88, 91, various properties of 
rolled structural iron are given, whereby the strength or stiff- 
ness of any shape can be readily determined* 



Stmbols, 

/ = Moment of inertia. 
JS = Modulus of elasticity. 
W = Load on beam in net tons. 
to = Load on beam in pounds. 
B = Radius of gyration. 
A = Total area of cross section. 
If .— Length between supports in feet. 

I = Length between supports in inches. 



r 
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Column I. — Chart number. 

Columns III. to VI. — Details of the sectional areas in square 

inches. The flanges being taken the entire width 
of section, and the web considered between the 
flanges. 

Columns VII. and VIII. — The moments of inertia, respectively, 

at right angles to and parallel with web of beam. 
In all cases the axes referred to pass through the 
centre of gravity of the cross-section, as illustra- 
ted at the head of each table. 

Columns IX. and X. — The radii of gyration in inches = i/_. 

When R^ is required, simply divide the moment 
of inertia by the area of the section. The values 
of / and R have all been carefully calculated by 
the formulte given on pages 102-111. The tables 
give the value of 1 for the minimum section 
of each particular shape, but the section can 
be increased in area up to the maximum limit 
given in the descriptive tables, pages 2-13, 
and the value of / can be readily obtained 
for any enlarged section as described on pages 
106-108. 
Colamn XI. — Co-efficient for the greatest safe load evenly dis- 

tributed over the beam. This is the calculated 
load in net tons for a beam of the given size and 
section, one foot long, and is derived from the 

Wl 7/ 

formula -- =^^ ^^^ ^^ ^^.„ which gives re- 

suits averaging one-third of the ultimate strength 
of the beam. The safe distributed load for any 
beam of the size and section given in Columns II. 
to VI. can be found by dividing the correspond- 
ing co-efficient in column XI. by the length of 
the beam between supports, in feet. 
Example, — ^The greatest safe load that can be evenly distnb- 
uted on a beam 10 inches deep having a sectional area of 9.04 

square inches and spanning 12 feet is .,^' = 11.5 tons. 
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If the load is concentrated in the middle of the beam, one- 
half this result, or 5.75 tons, is the greatest safe load. 

If the sectional area of the beam is increased, find the moment 
of inertia for the increased section as described on page 106, and 

the co-efllcient for a distributed safe Joad = ^ — ,, ^7, . 

depth of beam 

Example. — The 10" beam taken in last example, 9.04 square 
inches area, is increased to 10.6 square inches section. The in- 
ertia of enlarged section is found as per formulae ou page 106, 
1.56 = (in crease of area) x 100 = (square of depth) ^^ i jq o 

— -r^ = lO. + 14o . O 

(inertia, col. vii., page 92,) = 161 .3 or moment of inertia desired. 
Co-efficient for safe load = — '-^ — - = 150.5. Dividing this 

co-efficient by the span in feet (12), gives -^r^ = 12.54 tons as 

liV 

the maximum safe load distributed, or 6.27 tons in the middle of 
the beam. 

Lateral Flexure. — It will be noted that when subjected to such 
loads as above obtained, the beams are presumed to be secured 
from bending sideways, and it will be safest to limit the applica- 
tion to beams secured laterally at intervals, in length not ex- 
ceeding twenty times the width of flange. See preface to tables 
of safe loads for beams, page 86. 

Columns XII. and XIII. — Deflections. 

The figures in the tables are the calculated deflections for 
beams of the sizes and sections given, one foot long between 
bearings and supporting a load of one ton. They are derived by 

means of the formula9 -J^^^ = deflection for load in middle of 

4SEI 

beam. ^ = deflection for load evenly distributed. 

The modulus of transverse elasticity is assumed as 26,000.000 
lbs. The elasticity of rolled iron is somewhat uncertain, it is 
frequently quoted as high as 29,000,000 lbs., and experiments 
on bars of exceptionally stiff iron will often give results much in 
excess of this. But recent experiments on rolled beams show 
that 26,000,000 lbs. is a fair average for this form of wrought 
iron. See page 19. 
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The deflection of any beam of the sectional area given in cols. 
IV. to VI., and loaded within the elastic limit, is found by mul- 
tiplying the corresponding co-efficient in cols. XII., XIII., by 
the weight in tons and the cube of the length in feet. 

Example.— A 11" I beam, 11.95 square inches section, 13 feet 
between supports, carries an evenly distributed load of 15 tons. 
Deflection = .0000063 x 15 x 13»= .207 inches. 

If the sectional area of this shape is increased, the value of 1 
for the enlarged section must be found as described in previous 
example. By reducing the formul® for deflection to their sim- 
plest forms we obtain : 

^ ^= = deflection in inches for load in middle. 

uO«J[ 

= deflection in inches for distributed load. 



580/ 



Example. — The 12" beam in previous example 11.95 square 
inches area, is increased to 13.8 square inches. The inertia of 
enlarged section is found as per formula, page 106. 

1.85 (increase of area) x 144 (square of depth) _ oo o 4. 070 qa 

12 
inertia, col. vii., page 92, = 295.06, or moment of inertia desired. 

Deflection = ^^ ^^ \ll\n = -19 inches. 
580 x 295.06 

For beams of the same depth, but of any sectional area, thto 
deflection remains uniform so long as the loads bear a uniform 
ratio to the strength of the beam. For this reason, the single 
column of deflections applies to any section of the same size of 
beam, in the tables of safe loads. 

Column XIV. — Maximum load in tons. 

There is a limit in the length of beams at which the rule for 
safe loading ceases to apply. This point is reached when the 
load attains the safe limit of resistance offered by the web of the 
beam against crippling. 

The maximum load can be placed on any beam shorter than 
the length indicated, but must not be exceeded. It is obtained 
by Gordon's formula, taking 6 tons per square inch as the safe 
resistance of wrought iron to crushing. 
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W =3 6d< d = depth of beam. 

J ^ t = thickness of web. 

300(W' ? = £? X secant 45" (P = gcT). 

Example. — ^An 8" 65 lb. beam has a maximum load of 10.46 
tons, which corresponds to the greatest safe load on a beam of 
this section, 7.7 feet between supports, if the load is distributed, 
or 8.85 feet if the load is at middle of beam. If this shape is in- 
creased to 7^ square inches area, having a web -f^" thick, then 
maximum safe load becomes 



^_ 6'^ X 8'^ X T^g" 
128 
(3000 xf^^ 



1 + ^ }^ , ^ = 17.2 tons. 



92 



WBOUGHT IBON AND STEEL. 



BIiBBSBNTS OF FBNOOTD BBAMa 



^5-. 



a. 



r 



A 



\f 



IB 



\J 



"ft 



I. 


II. 


III. 


Chart 

Num. 

BEB. 


SiZB 
IN 

Inches. 


Wbio't 

PER 

Yard. 


1 


15 


200 


2 


15 


145 


8 


12 


168 


4 


12 


120 


5 


lOi 


134 


6t 


lOi 


108 


6 


la^ 


89 


7 


10 


112 


8 


10 


90 





9 


90 


10 


9 


70 


11 


8 


81 


12 


8 


65 


13 


7 


65 


14 


7 


52 


15 


6 


50 


16 


6 


40 


17 


5 


34 


18 


5 


30 


19 


4 


28 


20 


4 


18.5 


21 


3 


23 


22 


8 


17 




Areas in Square Ins. 



Flanges 



11.86 
8.97 

10.66 
7.42 
9.57 
7.33 
5.91 
7.28 
6.29 
6.15 
4.77 
5.58 
4.50 
4.17 
3.84 
3.16 
2.91 
2.13 
2.06 
2.15 
1.34 
1.72 
1.87 



Web. 



8.04 

5.58 

6.23 

4.53 

3.87 

3.50 

3.03 

3.94 

2.75 

2.92 

2.21 

2.56 

2.03 

2.41 

1.30 

1.88 

1.17 

1.25 

.88 

.75 

.56 

.53 

.34 



Total. 



19.90 

14.55 

16.89 

11.95 

13.44 

10.88 

8.94 

11.17 

9.04 

9.07 

6.98 

8.14 

6.53 

6.58 

5.14 

5.04 

4.08 

3.88 

2.94 

2.90 

1.90 

2.25 

1.71 




Moment of Inertia. 



Axis A. B. 



682.08 

521.19 

871.98 

272.86 

241.631 

195.42 

162.26 

173.58 

148.31 

118.81 

94.44 

83.98 

69.17 

49.78 

43.08 

26.92 

24.10 

13.40 

12.50 

7.69 

5.14 

3.29 

2.66 



Axis C. D. 

28.50 

16.91 

23.19 

12.22 

19.00 

12.45 

8.84 

10.64 

8.09 

8.44 

5.59 

7.23 

5.02 

4.15 

8.43 

2.15 

1.80 

1.21 

1.09 

1.17 

.49 

.77 

.48 
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BLBMBMTS OF PSNOOTD BSAMa 


! 




-o- 




-D. 








IX. 


X. 


XI. 


XU. 


xin. 


XIV. 


II. 

• 

£ 

15 


L 


RaouotC 


^TRATIOH. 




CO-EFFICIBNT FOR 
DKrLECTION. 


1. 


Is 


Axis A. B. 


Axis CD. 


Load in 
Centre. 


Load Dis- 
tributed. 




5.86 


1.20 


424.41 


.0000041 


.0000025 


43.20 


1 


6.98 


1.08 


824.80 


.0000053 


.0000033 


22.10 


15 


2 


4.69 


1.17 


289.82 


.0000074 


. 0000046 


38.63 


12 


8 


4.78 


1.01 


212.22 


.0000101 


.0000063 


22.22 


12 


4 


4.24 


1.19 


214.78 


.0000115 


.0000072 


22.13 


lOi 


5 


4.25 


1.07 


173.71 


.0000142 


.0000089 


17.71 


m 


6i 


4.26 


.97 


144.28 


.0000171 


.0000107 


13.85 


lOi 


6 


8.94 


.98 


162.02 


.0000159 


.0000099 


23.68 


10 


7 


4.05 


.95 


138.48 


.0000186 


.0000116 


13.18 


10 


8 


8.62 


.96 


123.21 


.0000232 


.0000145 


16.53 


9 


9 


8.68 


.89 


97.94 


.0000292 


.0000183 


9.94 


9 


10 


8.21 


.94 


97.92 


.0000329 


.0000205 


15.49 


8 


11 


8.25 


.88 


80.70 


.000OC99 


.0000249 


10.40 


8 


12 


2.75 


.79 


66.38 


.0000546 


.0000341 


15.69 


7 


18 


2.89 


.82 


57.44 


.0000640 


.0000400 


6.17 


7 


14 


2.81 


.65 


41.87 


.0001025 


.0000641 


12.77 


6 


15 


2.48 


.66 


87.49 


.0001144 


.0000715 


6.50 


6 


16 


1.99 


.60 


25.01 


.0002059 


.OCOl-287 


8.01 


5 


17 


2.06 


.60 


23.38 


.0002206 


.0001379 


4.86 


5 


18 


1.68 


.63 


17.94 


.0008589 


.0002243 


5.12 


4 


19 


1.65 


.51 


12.00 


.C005366 


.0003354 


8.08 


4 


20 


1.21 


.59 


10.24 


.0008382 


.0005-339 


4.11 


8 


21 


1.25 


.58 


8.28 


.0010866 


.0006479 


2.84 


8 


22 ^ 

J 



94 
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BLBBffSNTS OF PSNCX>TD GHAMlfBLS. 



^^--i-~-a 



^- 



IB 



I. 


II. 


III. 


IV. 


V. 


VI. 


VII. 


VIIL 


Chart 

Num- 


Size 

IN 

Ingres. 


Weio't 

PER 

Yard. 


Abbas nv Square Iks. 


Moments of Inertia 


ber. 


Flanges 


Web. 


Total. 


Axis A. B. 


Axis C. D. 


80 


15 


148 


6.50 


8.36 


14.86 


451.51 


19.05 


81 


12 


88.5 


4.59 


4.24 


8.83 


182.71 


7.42 


32 


12 


60 


2.87 


8.07 


5.94 


123.71 


8.22 


84 


10 


00 


8 55 


2.43 


5.99 


92.08 


4.29 


85 


10 


49 


2.67 


2.22 


4.89 


73.91 


2.33 


86 


9 


54 


2.97 


2.48 


5.40 


64.84 


2.47 


87 


9 


87 


1.81 


1.91 


8.72 


48.65 


1.31 


88 


8 


48 


2.28 


1.97 


4.25 


40.00 


2.17 


89 


8 


80 


1.34 


1.62 


2.96 


28.23 


1.06 


40 


7 


41 


2.30 


1.80 


4.10 


29.51 


1.71 


41 


7 


26 


1.88 


1.26 


2.64 


18.46 


.90 


42 


6 


88 


2.04 


1.25 


8.29 


18.37 


1.46 


44 


6 


23 


1.09 


1.18 


2.27 


11.67 


.59 


45 


5 


27.8 


1.69 


1.04 


2.73 


10.29 


.86 


46 


5 


19 


.91 


.97 


1.88 


6.67 


.37 


47 


4 


21.5 


1.34 


.81 


2.15 


5.16 


.54 


48 


4 


17.5 


1.02 


.78 


1.75 


4.14 


.41 


49 


8 


15 


.86 


.66 


1.52 


2.03 


.32 


50 


2i 


11.3 


.69 


.44 


1.13 


.80 


.21 


51 


2 


8.75 


.55 


.88 


.88 


.48 


.08 
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BliEBISNTS OF PBNOOYD OHANNEIiS. 



c jX P % 



IX. 


X. 


XI. 


xir. 


xnr 


XIV. 

1 


XV. 


II. 


L 


Kadii op 
Gyration. 


co-eppicient 

Safe Load 

Distributed. 


co-efpicibnts for 
Deflection. 


Maximum Load 
IN Tons. 


Distance, d, 

FROM Base to 

Neutral Axis. 


1 
15 


lART 
MBBR. 


Axis 
A. B. 


Axle 
CD. 

1.13 


Load in 
centre. 


Load dis- 
tribated. 


-g 


5.51 


280.94 


.0000061 


.0000038 


40.64 


.95 


30 


4.55 


.92 


,142.11 


.0000151 


.0000094 


18.49 


.71 


12 


31 


4.56 


.74 


i 96.22 


.0000223 


.0000189 


9.14 


.62 


12 


32 


8.92 


.84 


1 85.94 


.0000298 


.0000186 


9.10 


.75 


10 


34 


8.89 


M 


68.98 


.0000374 


.0000234 


7.25 


.64 


10 


86 


3.45 


.68 


66.73, 


.0000429 


.0000268 


10.87 


.67 


9 


36 


8.43 


.59 


46.27 


.0000632 


.0000395 


6.88 


.55 

t 


9 


37 


8.06 


.71 


! 46.66 


.0000690 


.0000431 


8.77 


.60 

1 


8 


38 


8.09 


.60 


32.94 

1 


.0000977 


.0000611 


4.79 


.50 


8 


39 


2.68 


.65 


' 39.35 


.00009^5 


. 0000584 


9.07 


:65 


7 


40 


2.64 


.58 


! 24.61 


.0001495 


.0000934 


8.42 


.48 


7 


41 


2.36 


.67 


28.58 


.0001501 


.0000938 


6.50 


.66 


6 


42 


2.27 


.61 


18.16 


.0002363 


.0001477 


5.24 


.46 


6 


44 


1.93 


.56 


19.21 


.0002680 


.0001675 


5.92 


.61 


5 


45 


1.88 


.45 


12.45 


.0004136 


.0002585 


4.86 


.42 


5 


46 


1.55 


.50 


12.03 


.0005349 


.0003343 


5.12 


.53 


4 


47 


1.54 


.48 


9.65 


.0006667 


.0004167 


4.29 


.45 


4 


48 


1.16 


.46 


6.82 


.0013584 


.0008490 


8.49 


.61 


3 


49 


.85 


.48 


8.38 


.0034850 


.0021470 


3.20 


.46 


2i 


50 


.74 


.31 


2.25 


.0057230 


.0085770 


2.49 


.37 


2 


51 
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WT.WMBNT8 OF PBNOOTO DBOK 

*j 4i 1i 



IB 



I. 


n. 


ni. 


Chart 


Size 


Weio't 


Num- 


IN 


PER 


ber. 


Inches. 


Yard. 


60 


12 


104 


61 


11 


91 


62 


- 10 


80 


68 


9 


72 


64 


8 


61 


65 


7 


52 


66 


6 


42 


67 


5 


34 



IV. 



T. 



VI. 



Areas in S<)uarb Ins. 



Fl'ge 



3.59 
3.26 

2.87 
2.50 
2.17 
1.86 
1.52 
1.22 



Bulb. 



2.89 
3.52 
2.19 
2.06 
1.85 
1.55 
1.28 
1.04 



Web. 



3.90 
3.28 
2.96 
2.61 
2.09 
1.80 
1.38 
1.11 



Total. 



10.38 
9.06 
8.02 
7.17 
6.11 
5.21 
4.18 
3.37 



vn. 



vni. 



Moments of Inertia 



A.xiB A. B. 



221.98 
164.09 
118.22 
84.77 
57.66 
34 40 
21.95 
12.04 



Axis G. D. 



9.33 
7.64 
6.13 
4.92 
3.63 
2.59 
1.64 
.98 



EE^HEMTS OF PENCOTD DECK ^UHB. 



BLTIMTIHTB OF PBNOOTD SBOK BXUUS8. 



-y. 
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WBOUGHT IRON AND STEELi 



SLEMENTB OF c- 




ttPBNOOTD AMaXiB& 



EVEN LEGS. 



I. 


II. 


m. 


IV. 


V. 


VL 


vn. 


VIII. 


rUlCBEB 






^^ 


Moments of 


Radii of 








Inertia. 


Gyration. 


Size in Inches. 












^*^ 


52* 










5«2 


n 






§5^ 


Axis 


Axis 


Axis 


Axis 


sSg 


i 






^ 


A. B. 


C.D. 


A. B. 


C.D. 


►^ 25 ►^ 


120 


6 X 6 X 


^e 


50.6 


17.68 


7.16 


1.87 


1.19 


1.66 




6 X 6 X 


1 


110.0 


35.46 


15.00 


1.80 


1.17 


1.86 


121 


5 X 5 X 


^ 


41.8 


10.02 


4.16 


1.55 


1.00 


1.41 




5 X 5 X 


1 


90.0 


19.64 


8.67 


1.48 


.98 


1.61 


122 


4 X 4 X 


* 


28.6 


4.36 


1.86 


1.24 


.81 


1.14 




4 x4 X 




54.4 


7.67 


3.45 


1.19 


.80 


1.27 


128 


8i X 8i X 


f 


24.8 


2.87 


1.20 


1.07 


.70 


1.01 




8i X 8i X 


ft 


89.8 


4.38 


1.85 


1.04 


.69 


1.10 


124 


3 X 8 X 


J 


14.4 


1.24 


.51 


.98 


.60 


.84 




8 X 3 X 


38.6 


2.62 


1.15 


.88 


.59 


.98 


125 


2| X 2J X 


i 


13.1 


.95 


.89 


.85 


.5=5 


.78 




2| X 2| X 


i 


25.0 


1.67 


.72 


.82 


.54 


.87 


126 


2^ X 2i X 


i 


11.9 


.70 


.29 


.77 


.50 


.72 




2i X 2i X 


1 


22.5 


1.28 


.54 


.74 


.49 


.81 


127 


2i X 2i X 

2i X 2{ X 


A 


10.6 


.50 


.21 


.69 


.45 


.65 




17.8 


.79 


.84 


.67 


.44 


.72 


128 


2 X 2 X 


^ 


7 1 


.27 


.1! 


.62 


.40 


.57 




2 X 2 X 


i 


13.6 


.50 


.21 


.61 


.89 


.64 


129 


1| X 1} X 


A 


6.2 


.18 


.08 


.53 


.36 


.51 




l| X IJ X 


3 


11.7 


.31 


.14 


.51 


.35 


.57 


130 


li X li X 


ft 


5.3 


.11 


.05 


.46 


.31 


.44 




14 X H X 


» 


9.8 


.19 


.09 


.44 


.81 


.51 


181 


li X n X 


i 


8.0 


.05 


.02 


.41 


.26 


.86 




U X li X 


i 


5.6 


.08 


.04 


.88 


.26 


.40 


182 


1 X 1 X 


i 


2.3 


.02 


.01 


.29 


.20 


.80 




1 X 1 X 


i 


4.4 


.04 


.02 


.29 


.20 


.85 
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\ 



\* 



XII.EMBNTS OF -1 




y^ 

^D 



^^ PXSNOOYD ANaXH^ 



UNEVEN LEGS. 




X. 



XI. 



DiST. FROM 

Base to 

NKUT.AXB8 



1 
d. 


L 


1.96 


.96 


3.17 


1.17 


1.58 


1.08 


1.75 


1.26 


1.61 


.86 


1.75 


1.00 


1.70 


.70 


1.84 


.84 


1.49 


.74 


1.58 


.88 


1.20 


.95 


1.29 


1.04 


1.28 


.78 


1.37 


.87 


1.07 


.82 


1.17 


.92 


.98 


.68 


1.00 


.75 


.89 


.49 


1.08 


.68 


1.14 


.64 


1.20 


.70 


2.06 


.81 


2.S6 


1.01 


2.18 


.98 


2.38 


1.18 


1.82 


.82 


1.91 


.91 


2.57 


.82 


2.71 


.96 


.78 


.64 


.87 


.62 


.76 


.38 


.82 


.44^ 


.68 


.8^ 


.70 





ipo 
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WROUGHT IBON AND STEEL 

C 



f •• 



:.SIJ3M£2NTS OF 



2 



-8 



PSNOOYD TEE& 



J. 



X5 
EVEN LEGS. 



L 


IT. 


III. 


IV. 


V. 


VI. 


vn. 


vm. 


PS 


Size in Inches. 


p: 

H 

^ s 


Moments or 
Inektia. 


Hadii op 
Gyration. 




55 










5«3 

5g| 


< 




5^ 


Axis 
A. B. 


Axis 
CD. 


Axis 
A. B. 


Axis 
CD. 


70 


4 X 4 X i 


36.5 


5.26 


2.65 


1.20 


.84 


1.14 


71 


3i X 8i X iJ 


31. 


3.47 


1.70 


1.06 


.74 


1.00 


72 


3 X 8 X iJ 


26. 


2.10 


1.01 


.90 


.62 


.90 


73 


2i X 2^ T^ 


19.5 


1.12 


.58 


.78 


.55 


.75 


74 


2^ X 2^ X i 


17.52 


.97 


.49 


.75 


.53 


.75 


76 


2i X 2i X i 


11.75 


.52 


.30 


.65 


.60 


.61 


76 


2i X 2i X A 


12. 


.54 


.27 


.67 


.47 


.66 


77 


2 X 2 X ^ 


10.5 


.38 


.19 


.60 


.43 


.60 


78 


n X li X A 


7.1 


.21 


.10 


.54 


.87 


.50 


79 


li X 1^ X A 


6. 


.13 


.06 


.46 


.32 


.45 


80 


n X 11 X tfe 


4.5 


.07 


.04 


.37 


.27 


.87 


81 


1 X 1 X A 


8.0 


.03 


.02 


.80 


.26 


.80 


82 


8 x3 xH 


19.3 


1.59 


.75 


.91 


.62 


.84 


83 


3 X 8 X it 


22.6 


1.83 


.89 


.90 


.63 


.86 



ELEMENTS OF PENCOYD TEES. 

C 



ELXSMXSNT8 OF^ 



^ 



'0 

UNEVEN LBOS. 
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H 

n 
n 

g 



90 

91 

92' 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 







11. 


III. 


Size IN Inches. 


PS 
H 9 

k5 






4i X 8^ 


44.5 


4x3^ 


41.8 


5x2^ 


30.7 


5 X 2i 


33.0 


4x8 


25.9 


4x8 


25.25 


4x2 


20.4 


8 X 8i 


28.25 


8 X 2i 


23.8 


8 X li 


11.2 


2i X li 


9.1 


2 X li 


8.76 


.2x1 


7. 


2 X A 


5.88 


21 X li 


18.75 


2} X 2 


21. 


5 X 8i 


48.44 


5x4 


44.1 


2i X A 


6.5 


4 x41 


38.5 


8 x2i 


17.6 


8 x 2i 


20.6 



IV. 



V. 



Moments of 
Inertia. 



Axis 
A. B. 



5.27 

4.65 

1.61 

1.63 

1.94 

2.09 

.68 

8.12 

1.38 

.19 

.10 

.16 

.05 

.01 

.56 

.88 

6.37 

6.24 

.01 

7.26 

.94 

1.08 



Axis 
CD. 



3.66 

8.23 

4.01 

4.58 

2.18 

1.69 

1 68 

1.06 

.94 

.56 

.33 

.18 

.17 

.17 

.62 

.63 

5.31 

5.25 

.24 

2.70 

.74 

.89 



VI. 



VII. 



Radh of 
Gyration. 



Axis 
A. B. 



1.09 

1.05 

.72 

.70 

.86 

.91 

.58 

1.05 

.76 

.41 

.33 

.43 

.26 

.13 

.55 

.63 

1.05 

1.19 

.12 

1.87 

.78 

.72 



Axis 
CD. 



.91 
.88 
1.14 
1.17 
.92 
.82 
.91 
.61 

.63 

I* 
. I 

.60 

.45 

.49 

.54 

.58 

.65 

1.04 

1.09 

.61 

.84 

.65 

.66 



VIII. 






e 






1.16 

1.09 

.67 

.64 

.77 

.84 

.54 

1.10 

.82 

.87 

.82 

48 

.27 

.17 

.66 

.75 

1.05 

1.08 

.18 

1.82 

.69 

.70 
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MOMENTS OP INEETIA. 

The following f ormttlse were used in calculating the moments 
of inertia and radii of gyration of the various sections given in 
the tables, pages 92-101. 

When not otherwise specified the axis referred to passes 
through the centre of gravity of the section, in a horizontal 
position to the figure as shown. 



/signifies moment of inertia. 
A '' total area of section. 
B " radius of gyration. 
d '' distance from base to centre of gravity. 



In all cases the radius of gyration = i/— , and the moment of 

resistance — J x co-efficient for strength of material 

"" distance from neutral axis to farthest edge of section 



SOLID RECTANGLB. 



»-- 



T 
I 



4- 
I 



bh' AW 



ly axisa;^ 



12 

W 
3 ' 



HOLLOW RECTANGLE OR I BEAM WITH PABALLKL FLANGES. 




f— 6 — *\ 



_lf-C-« 



» 






/= 



12 



MOMENTS OF INEBTIA. 



^ 
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SOLID TBUNGLE. 


7 = 


bh* 
36 


J, axis xy = 


bh* 
12' 


J, axis WD — 


bh* 
3 


d = 


3* 


SOLID CIRCLE. 


/=.7864r* 


~ 16 • 




HOLLOW CIRCLE. 



/ = (outer radius * — inner radius *) . 7854. 



SOLID SEMICIRCLE. 

J= .llr*. 



P»""7^""' /. axi8a:y=.3927r*=-^. 



xy 
d = .4244r. 




><--»>l 



SOLID ELLIPSE. 



J= .78546<?». 
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TIE SEGTIOK. 






t 



^ 



tD 



^- 8 

I, MIS a!y = ■^ •' ' . 






/^ 



ANGLE SECTION. 




/ = ^s ^^ -' For even or 



3 



unevea angles. 



/, axis uv = 



_ t(b-d^y-{-hdt*^ (h - i)(di - ff 



8 



^ >J For uneven angles. 
xy passes through centre of gravity parallel to ee, 

/axis xy = o • 

angles. 



A close approximation for the latter is the following : 






L axis xy = -7^=- . For even angles. 
25 







I, axisocy = 



Ah^'b 



ihi 



For uneven angles. 



^"^^ a — 2^-j ^. For even and uneven an- 

2A 



• ^ gles. 



o' = -^ i. For uneven angles. 

tiA 



HOMEMTS OF IHEBTIA. 
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In even angles radius of gyration around xy = two-thirds (}) 
of the radius of gyration around horizontal axis. 

In uneven angles the distance from centre of gravity in direc- 
tion of the long leg esceteds that in the direction of the short leg 
hy half the difference in the length of the two legs. 



if 






I BEAM SECTION. 



€ = taper of flange. 



;=*- 



28 






^^ /, axisa;y = -^-+ jg + 9 + 



CHANNEL SECTION. 



8 = taper of flange. 



j 



m 




I- 



r = 



h-f 



*^ i axis xif = 



J= j2 



2m6' + » 



8 



-^d». 



<f = 



iw6» + y + 



|(5-t) (.-^2*) 



106 WBOUGHT mON AND STEEL. 

DECK BEAM SECTION. 

9 = taper of flange. a = area of bulb. 

= *» — -. 

J. aw* „ ■ tc* bd* m*(h — t) 



+ 



£S 



4 1 > » 



Z axis xy = — ; -^ + -^ — 

' ^ 12.4 12 13 

a (2 A - A:) + < (^i - Jfc)»+ (J - Q p«+ «(&-<) (i^ + b ) 



2^ 



In the table of elements, pages 92-101, the moments of inertia 
and radii of gyration are given for the minimum section of each 
shape but the moment of inertia for any increased section can 
readily be ascertained as follows, without recalculating the 
whole. 

FOR ANT I BEAM, CHANNEL BAR OR DECK BEAM. 

AXIS PERPENDICULAR TO WEB. 

Let a = increase of area in square inches over minimum sec- 
tion given in the table. Let d = depth (size) of beam, then 

j^ is the moment of inertia for increase of area, which added to 

tabular figures gives the correct result for the enlarged section. 
Example. — A 12" I Beam, No. 4, area 12 square inches, is in- 

2 X 12* 
creased to 14 square inches. — — - — = 24, which added to the 

l<e 

moment given in col. 7—272.86 + 24 = 296.86, the moment of 
inertia desired. 
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Radius of gyration of the former i/?2?i§? = 4.78 inches. 

Radius of gyration of the latter i/??5i§? = 4. 60 inches. 

y 14 

The radius of gyration will be found to alter very little, and 
for all practical purposes, the tabular figures may be accepted 
within the range of section possible for each shape. 

The above is only a close approximation for deck beams. 

FOR ANY I BEAM OR DECK BEAM. 

AXIS PA&ALLEL WITH WEB. 

The following rule gives a close approximation for the mo- 
ment of inertia. 

Multiply the increase of area in square inches by the total 
thickness of web in the enlarged section. This product added 
to the tabular number in col. 8, will give the moment of inertia 
for the enlarged section. 

Example, — A 10" I Beam, No. 8, area 9 square inches is in- 
creased to 10^ square inches, having a web thickness of .525 
inches. .535 x 1^ = .7875, which added to the amount in col. 
VIII., 8.09 + .78 = 8.87, the moment of inertia required. 

/Q no 

Radius of gyration of least section = i/ Z—f = .95 inches. 

Radius of gyration of enlarged section = 4/^ =.92 inches. 

The radius of gyration alters but very little, and may be ac- 
cepted as practically unchanged within the limits that any shape 
can be increased. 

CHANNELS. 

For channels, in relation to axis parallel to web the moment 
of inertia increases nearly in a direct ratio to the increase of 
sectional area, but not precisely so, this ratio being too great for 
the larger sections and too little for the smaller sizes of channel 
bars. 

The radius of gyration altera but little as the sectional area is 
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changed, and practically may be accepted as unchanged within 
the range of variation possible for any particalar size. 

The distance e^ will not vary sufficiently in any section be- 
tween the limits of minimum and maximum to make any prac- 
tical difference in ordinary calculations where it may be used. 

AHOLBS. 

For angles referring to any axis passing through the centre of 
gravity, the inertia increases nearly in the same ratio as the area 
increases. Our table gives values of / for the minimum and 
maximum sections ; any intermediate section can be obtained by 
proportion unless great accuracy is required. Our tables ex- 
hibit the change in values of B between the leaat and greatest 
sections, which in the case of small angles remain practicaUy 
unaltered within the range of possible variation of area. 



D7SBTIA OF COMPOUND SHAPES. 

*' The moment of inertia of any section about any axis is equal 
to the /about a parallel axis passing through its centre of grav- 
ity + the area of the section multiplied by the square of the 
distance between the axes." 

By use of this rule the moments of inertia or radii of gyration 
of any single sections being known, corresponding values can 
readily be obtained for any combination of these sections. 
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Example No. 1. — A. combinaldon of two 9" 
54 lb. Channels, and two 12 x 4 plates as 
shown# 



AXIS A B OF SECTION. 



B 



/for 2 channels, col. VII, page 94, 

12 X .25« 



/ for 2 plates = — -^r- 

l<o 

6 (area of plates) x 4g * 



x2= .08125 
= 128.34375 



\ 



= 128.680 



128.375 



/for combined section = 257.055 

which divided by area (14) gives 18.3611 = -B" or 4.285 radius of 
combined section. 
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AXIS C D. 

Find distance <7 = (.67) from col. XY., page 95, then obtaining 
the distance (4.2325) between axes CD and EF. 

/for 2 channels around axis BF from col. VIII., = 4.94 
Area of channels x square of distance = 10.8 x 4.2825^ = 198.471 

/for 2 plates = 1^-^^ = 72. 



/ for combined section = 270 . 41 1 



Kadius of gyration = i/?Z!Lill = 4.895. 

^ 14 



By similar methods, inertia or radius of gyration for any com- 
bination of shapes can readily be obtained. 

Example No. 2.— A " built-up beam " composed of : 

I 2 plates 8" x \". 

I 1 Plftte 15" X }". 

fjs ° AXIS AB. 

.4.- 

a /of two 8" X i plates = L^ x 2 = .167 

12 

+ 8 (area) x 7J' (sq. of distance d) =480.5 

480.667 

/Of one 15" x f" plate = -^^^ 1<>5.469 

/of four 8 X 8 X i angles = 4 x 1.24 (see col. \ 

IV, page 98), = 4.96 V 

+ 5.7r (area) x 6.66' (sq. of distance d') =255.045 ) 

260.005 




Inertia of combined section around ^ ^ = 846. 141 



Badius of gyration = A/ -Tg^r-ij = ® • ^1- 
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/ottwoS X iplates = 



13 



JofoneW j<>pl4te=?^^^ = .068 



lot four 3 x3 X i angles = 4 x 1.S4 <aee \ 

ool.IV,page98) = 4.96 [ 

+ 5.T3(arett) X 1.02T5'(Bq.of diBtanced") = 0.071) 

, 11.031 

Inertia of combioed section around (7 i> = 63.T64 



y 19.3 



RAPIU9 OF OVBATION OP COMPOUND SBAFES. 

In the case of a pair at an; shape without a web the value of 
R can Always be readily found without conBidentig the moment 
of inertia. 

The radius of gyiation for any section around an ails parallel 
to another axis passing through its cratie of gravitj, is found 
as follows : 

Lot r = radiusofgyrationaround axis through centreot grav- 
ity. R — radius of gyration around another axis parallel to 
above, d = distance between axea. 

When T is sniall, R may bo taken as 'equal to d without mate- 
rial error. Thus in the case of a pair of chaiinels latticed to- 
gether, oT a similar construction. 
Example No. 1. — Two 6" M lb. channels placed 4.66" apart, 
required the radius of gyration around axis G li 
tor combined section. 
Find r on col. X., page 93, = .68and r* = .4634. 
Find distance from base of channel to neutral axis 
col. XV., same page, = .G7, this added to i distance 
between the two bars, 2.33 "^ 3" = d, and d' = 9. 
Radius of gytation of the pair as placed equals. 
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1 



V'9+.4624 = 3.076. 

The value of E for the whole section in relation to the axis A 

B is the same as for the single channel, to be found in the 

tables. 

JExample No 2. — Four 3" x 3" x |" angles placed as shown; 

I form a column 10 inches square; required the 

♦fp=3l'| f K i g y/radius of gyration. 

H I ' "TTT' ^'^^ ^ ^^ ^^^ VI» P^g® S8, = .91, and r^ = 



l^o" ' .8381. 

jT- Yin^ distance from side of angle to neutral 

J axis, col. VII. , same page, = . 89. Subtract this 
from ^ the width of column =5. — .89 = 
j) 4. 11 = (i or distance between two axes. cP = 

16.8921. 
Radius of g3rration of 4 angles as placed = 




^^16.8921+ .8281=4.21. 

When the angles are large as compared with the outer dimen- 
sions of the combined section, the radius of gyration can be 
taken without serious error from the table of radii of gyration 
for square columns, on page 155. 
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ROLLED IRON STRUTS. 

In the following consideration of rolled struts of yarions 
shapes, the least radius of gyration of the cross section taken 
around an axis through the centre of gravity is assumed as the 
effective radius of the strut. The resistance of any section per 
unit of area will in general terms vary directly as the square of 
the least radius of gyration, and inversely as the square of the 
length of the strut.* The shape of the section and the distribu- 
tion of the metal to resist local crippling strains must also be 
considered. As a rule, that shape will be strongest which pre- 
sents the least extent of flat unbraced surface. For instance, 
two M sections of unequal web widths may have the same web 
thickness, the same flange area, and the same least radius of gy- 
ration, but the wider webbed section will be the weaker per unit 
of area, on account of the greater extent of unbraced web sur- 
face it contains. For the same reason a hollow rectang\ilar sec- 
tion, composed of thin plates will be to some extent weaker than 
a circular section of the same length having the same arc^a and 
radius of gyration. 

END CONNECTIONS. 

As is well known, the method of securing the ends of the struti» 
exercises an important influence on their resistance to bending, 
as the member is held more or less rigidly in the direct line of 
thrust. 

In the tables, struts are classified in four divisions, viz. : 
" Fixed Ended," " Flat Ended," " Hinged Ended," and ** Round 
Ended." 

In the class of *' fixed ends " the struts are supposed to be so 
rigidly attached at both ends to the contiguous parts of the 
structure that the attachment would not be severed if the mem- 
ber was subjected to the ultimate load. *'Flat ended " struts 
are supposed to have their ends flat and square with the axis of 
length but not rigidly attached to the adjoining parts. ** Hinged 

* This applies only to long struts with free ends. 
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ends *' embrace the class which have both ends properly fitted 
with pins, or ball and socket joints, of substantial dimensions as 
compared with the section of the strut; the centres of these end 
joints being practically coincident with an axis passing through 
the centre of gravity of the section of the strut. "Bound 
ended " struts are those which have only central points of con- 
tact, such as balls or pins resting on flat plates, but still the cen- 
tres of the balls or pins coincident with the proper axis of the 
strut. 

If in hinged-ended struts the balls or pins are of comparatively 
insignificant diameter, it will be safest in such cases to consider 
the struts as round ended. 

If there should be any serious deviation of the centres of round 
or hinged ends from the proper axis of the strut, there will be a 
reduction of resistance that cannot be estimated without know- 
ing the exact conditions. No formula has been written which 
expresses with accuracy the resistance to compression for various 
sections and for an extended range of lengths. It is doubtful if 
any simple formula admitting of ready practical application can 
be devised ; in fact none is required, as the results of experiments 
can be embodied in tables and diagrams in such a compact form 
that their application to any length or section can be readily 
made. 

When the pins of hinged-end struts are of substantial diam- 
eter, well fitted, and exactly centred, experiment shows that the 
hinged ended will be equally as strong as flat ended struts. 

But a very slight inaccuracy of the centring rapidly reduces 
the resistance to lateral bending, and as it is almost impossible 
in practice to uniformly maintain the rigid accuracy required, 
it is considered best to allow for such inaccuracies to the extent 
given in the tables, which are the average of many experi- 
ments. 

JABLES OF STRUTS. 

In table No. 1, the flrst column gives the effective length of 
the strut divided by the least radius of gyration of its cross sec- 
tion, and the successive columns give the ultimate load per 
square inch of sectional area for each of the four classes afore- 
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said. We mean by <' ultimate load " that pressure under which 
the strut fails. 

These iiltimate loads are the averages of a number of experi- 
ments whioh we have recently made on carefully prepared spec- 
imens, and are believed to be trustworthy. 

For hinged-ended struts the figures apply to those cases in 
which the axis of the pin is at right angles to the least radius of 
gyration, or in which the strut is free to rotate on the pin in its 
weakest direction. If the pin should be placed in another direc- 
tion, or if the strut should be secured from failure in its weakest 
direction, there will be a correction for determining the resist- 
ance as hereafter described. 

FACTORS OF SAFETT. 

It is considered good practice to increase the factors of safety 
as the length of the strut is increased, owing to the greater in- 
ability of the long struts to resist cross strains, etc. For similar 
reasons we consider it advisable to increase the factor of safety 
for hinged and round ends in a greater ratio than for fixed or 
flat ends. 

Presuming that one-third of the ultimate load would consti- 
tute the greatest safe load for the shortest struts, the following 
progressive factors of safety are adopted for the increasing 
lengths. 

8. -I- .01— for flat and fixed ends, 
r 

8 + .015— for hinged and round ends. 
r 

I = length of strut. 

r r= least radius of gyration. 

From the above we derive the following table : 
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FACTORS OF SAFETY. 
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20 


3.2 


8.3 


150 


4.5 


5.25 


280 


5.8 


7.2 


30 


3.3 


3.45 


160 


4.6 


5.4 


290 


5.9 


7.35 


40 


3.4 


3.6 


170 


4.7 


5.55 


300 


6.0 


7.5 


50 


3.5 


3.75 


180 


4.8 


5.7 


310 


6.1 


7.65 


60 


3.6 


3.9 


190 


4.9 


5.85 


320 


6.2 


7.8 


70 


3.7 


4.05 


200 


5.0 


6.0 


830 


().3 


7.95 


80 


3.8 


4.2 


210 


5.1 


6.15 


340 


6.4 


8.1 


90 


3.9 


4.35 


220 


5.2 


6.3 


350 


6.5 


8.25 


100 


4.0 


4.5 


280 


5.3 


6.45 


360 


6.6 


8.4 


110 


4.1 


4.65 


240 


5.4 


6.6 


370 


6.7 


8.55 


120 


4.2 


4.8 


250 


5.5 


6.75 


380 


6.8 


8.7 


130 


4.3 


4.95 


260 


5.6 


6.9 


390 


6.9 


8.85 


140 


4.4 


5.1 


270 


5.7 


7.05 


400 


7.0 


9.0 



Table No. 2 represents the greatest safe load per square inch 
of section for each of the four classes of struts and is derived 
from the results in Table No. 1 by means of the foregoing fac- 
tors of safety. 

The remarks on page 33 for safe loads on beams, apply also to 
struts. The loads in Table No. 2 ought to be applied only 
under the most favorable circumstances, such as an invariable 
condition of the load, little or no vibration, etc. Under cer- 
tain conditions, such as for buildings, bridges, etc., the least 
factor of safety ought to be four (4), which would increase each 
factor in the above table by unity. The safe load will then be 
found by dividing the results given in Table No. 1 by the cor* 
rected factor of safety. 
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No. 1. 
WROUGHT IRON STRUTS. 



ULTIMATE PRESSURE IN LBS. PER SQUARE INCH. 



Length 


Flat 
Ends. 


Fixed 
Ends. 


Hinged 

Ends. 


Round 


LEAST RADIUS 
09 aVBATION. 


Ends. 


ao 


46.000 


46,000 


46,000 


44,000 


80 


43,000 


4;j,000 


43,000 


40,250 


40 


40.000 


40,000 


40,000 


36,500 


60 


3S,000 


38.000 


38,000 


83,500 


60 


86,000 


36,000 


30,000 


30,5:)0 


70 


34,000 


34,000 


83.750 


27,750 


80 


82,000 


82.000 


31,500 


23,000 


90 


80,900 


31,000 


29,750 


22,750 


100 


29,800 


80,000 


28,000 


20.500 


110 


2S,050 


29,000 


28,150 


18,500 


120 


26,300 


28,000 


24.300 


16 600 


130 


84.900 


26,750 


22;0dO 


14,650 


140 


28,500 


25,500 


21,000 


12,800 


150 


21,750 


24,250 


18,750 


11,150 


160 


2i»,000 


23,000 


16,500 


9,5 


170 


]8,4<K) 


21,500 


14,630 


8,500 


180 


16,800 


20,000 


12,800 


7,500 


190 


15.650 


18,750 


11,800 


6.750 


200 


14,500 


17,500 


10,800 


6,000 


210 


13,600 


16.250 


9.800 


5,500 


220 


12,700 


16,000 


8,800. 


5,000 


290 


11,950 


14,000 


8,150 


4,650 


240 


11,200 


13,000 


7.500 


4,300 


250 


10,500 


12,000 


7,000 


4,050 


260 


9,800 


11,000 


6,500 


3,800 


270 


9,150 


10,500 


6.100 


8,500 


280 


8,500 


10,000 


5,700 


3,200 


2!^ 


7,850 


9,500 


5,350 


3,000 


300 


7,200 


9000 


5,000 


2,800 


810 


6,600 


8,500 


4,750 


2,650 


820 


6,000 


8,000 


4,!500 


2,500 


330 


5.650 


7,500 


4,250 


S>?J5 


340 


5,100 


7,fKX) 


4,000 


2.100 


350 


4,700 


6,730 


3,750 


2,000 


860 


4,300 


6,500 


3 500 


1,900 


870 


3.900 


6.150 


3.250 


1,800 


380 


3,500 


5,800 


3,000 


1,700 


399 


3,250 


5,5M) 


2,750 


1,600 


400 


3,000 


6,200 


2,500 


1,500 


410 


2,750 


5,000 


2,400 


1,400 


420 


2,500 


4,800 


2,800 


1,300 


430 


2,350 


4.550 


2,200 




440 


2,200 


4.300 


2,100 




450 


2,100 


4,050 


2,000 




460 


2,000 


3.8tO 


1,900 




470 


1,950 




1,850 




480 


1,900 




1,800 
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No. 2. 



GREATEST SAFE LOADS ON STRUTS. 

Greatest safe load in lbs. per square inch of cross section ^or vertical stmts. 
Both ends are supposed to be secured as indicated at the head of each col- 
umc. If both ends are not secured alike, take a mean proportional between 
the values given for the classes to which each end belongs. If the stmt is 
hinged by any uncertain method so that the centres of pins and axis of stmt 
may not coincide, or the pins may be relatively small and loosely fitted, it is 
best in such cases to consider the strut as "■ round ended.'* 





Length 


Flat 


Fixed 


Hinged 


Round 




LEAST RADIUS 






OF GTRATION. 


Ends. 


Ends. 


Ends. 


Ends. 




20 


14,880 


14.380 


13,940 


13,830 




30 


18,(-30 


13,' 30 


12,460 


11,670 




40 


11,760 


11,760 


11,110 


10,140 




60 


10,860 


10,860 


10,1.30 


8,930 




60 


10,000 


10,000 


9,230 


7,820 




70 


9,190 


9.190 


8,380 


6,850 




80 


8,420 


8,420 


7,500 


6,950 




90 


7,920 


7,950 


6,840 


5,230 




100 


7,450 


7,500 


6,220 


4,560 




110 


6,840 


7.oro 


6.620 


3,980 




120 


6,260 


6,670 


5,060 


8,440 




130 


5, 90 


6,220 


4,580 


2,960 




140 


5,340 


5,800 


4,120 


2,510 




150 


4,8:)0 


5,390 


8.570 


2,120 




160 


4,350 


5,000 


3,060 


1,760 




170 


3,920 


4,570 


2,640 


1,5.30 




180 


3,500 


4.170 


2,250 


1,310 




190 


3,190 


3,830 


2,020 


1,150 




900 


2,900 


3,500 


1,800 


1,000 




210 


2,';70 


3,190 


1,590 


890 




220 


2.440 


2.880 


1.400 


790 




230 


2,250 


2,640 


1,260 


720 




240 


2,070 


2,410 


1,140 


6.50 




250 


1,910 


2,180 


1,040 


600 




260 


1,750 


1,960 


94(1 


550 




270 


1,610 


l,ii40 


870 


500 




280 


1,460 


1,720 


790 


440 




290 


l,a30 


1,610 


730 


410 




800 


1,200 


1,.500 


670 


870 




810 


1,080 


1,.390 


620 


a50 




320 


970 


1,290 


680 


320 




8^)0 


880 


1,190 


540 


290 




840 


800 


1,<»90 


490 


260 




350 


720 


1,040 


450 


240 




860 


6.50 


980 


420 


280 




870 


580 


930 


380 


210 




380 


610 


a50 


340 


200 




800 


470 


800 


- 810 


80 




400 


430 


740 


280 


70 
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ROLLED STRUCTURAL SHAPES AS STRUTS. 

The following tables for the working values of various rolled 
structural shapes as struts are derived directly from Table No. 
2. The radii of gyration are taken from Tables of Elements, 
pages 92-101. In all cases the strut is supposed to stand verti- 
cal. In short struts this distinction is immaterial, but when the 
length becomes considerable, the deflection resulting from its 
own weight, if horizontal, would seriously affect the stability of 
the strut. 

The tables are calculated for the minimum section of each 
shape. For sections increased above the minimum the resist- 
ance per square inch will diminish. This amount can be accu- 
rately determined by finding the correct radius of gyration for 
the enlarged section as heretofore described. But within the 
range of variation of section possible for any shape, the tables 
may be accepted as practically correct. The head notes to the 
tables indicate the condition assumed for each class of struts. 
If the pins should be placed otherwise than as described in the 
tables, the strut may be either weaker or stronger, according to 
circumstances, which have to be determined for any particular 
case. This results from the fact that a pin-connected strut if 
properly designed should be considered hinged ended, only in 
the direction in which it is free to rotate on the pin. 

In the direction of the axis of the pin it can be treated as a 
"flat ended " strut. An I beam strut of the character described 
in Tables 3, 4, and 5, braced laterally in the direction of its 
flanges should be considered also by Tables 6, 7, and 8, as a 
series of short struts whose lengths axe the distances between 
points of bracing, and liable to fail in the direction of the 
flanges. 

Example.— An 8" 65 lb. I beam, 18 feet long is used as a strut 
having pins at both ends at right angles to web. It would then 
be flat ended in the direction of the flanges, and by Table No. 
7 the greatest safe load = 1,990 lbs. per square inch of section. 
If braced in the direction of the flanges at two points 6 feet 
apart it should then be considered as a scries of flat ended struts 
6 feet long, whose saje load by Table No. 7, would be 8,320 lbs. 
per square inch. 
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In the direction of its web it remains a hinged-ended strut 18 
feet long, and safe load by Table No. 4 = 8,690 lbs. per square 
inch. 

CHANNEL STRUTS. 

The foregoing remarks apply also to channels, which are seldom 
used individually as struts, but frequently in pairs. When so 
used, if the methods of connection are not of such a nature as to 
insure the unity of action of the pair, they should be treated as 
an assemblage of separate struts. But if connected by a proper 
system of triangular latticing, the pair can be considered as a 
unit, and each channel treated as a series of short struts whose 
length is the distance between centres of latticing. 

Example. — A pair of 9" 54 lb. channels, separated, etc., as 
described on page 110, are connected by triangular latticing, 
forming a hinged-ended strut 10 feet between pin centres. Wliat 
is the greatest safe load, and how far can latticing be spaced ? 

As described on page 95, radius of gyration around axis across 
the web of channel, or in the direction of the pin = 3.45 inches. 
Badius of gyration in opposite direction = 3.07 inches. Least 
radius of gyration for a single channel = .68 inch. 

—for hinged-ended direction = 35, and by Table No. 2 Safe 
Load=ll,800 lbs. — for flat-ended direction = 39, and by same 

T 

table greatest safe load = 11,900 lbs. 

For each single channel the greatest length between latticing 
= radius of gyration x 39 = 26^ inches. 

It is customary and is also good pitictice to reduce the dis- 
tance between lattice centres below V'Lat the above calculation 
would require. 

Tables Nos. 12-14, give the greatest safe loads per square 
inch of sectional areas, for struts composed of a pair of channels 
properly connected together, so as to insure unity of action. The 
figures are derived from Table No. 2. 

The distances D or d, for channels placed flanges inward or 
flanges outward respectively, make the radii of gyration equal 
Jbr either direction of axis. 

These distances should not be diminished, and may be ad van- 
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tageously increased, especially for hinged-ended strats, if the pin 
is placed parallel to Ihe webs of the channels. These tables are 
calculated for the standard minimum section of each channel. 
The distance d may be slightly diminished for sections heavier 
than the minimum, but the diminution can be so little that it is 
practically unnecessary to notice it. Under each length of struts 
in the table 2 represents the greatest distance apart in feet that 
centres of lateral bracing can be spaced, without allowing weak- 
ness in the individual channels. The distance / is obtained as 

shown in last example, that is, by making — = — • 

T H 

I = length between bracing. 
L = total length of stmt. 

r = least radius of gyration for a single channeL 
JB = least radius of gyration for the whole section. 
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STEEL STRUTS. 

A table for the ultimate resistance of flat-ended struts of two 
grades of steel will be found on page 81. These grades prob- 
ably embrace the extremes of the material, that is, the hardest 
and softest steels that are likely to be used in struts. 

Experiments on this material are not sufficiently complete to 
warrant a full statement of resistances of the various grades, 
and for the various conditions of the strut, such as the methods 
of connecting the ends, eto. 

It is probable, however, that the relations existing between 
the four classes of wrought-iron struts, as given in the following 
tables, will also prevail in the same ratios for steel. The safe 
loads for steel struts of any section or length, can therefore be 
obtained by increasing the figures in the following tables, for 

any ratio of — , in the proportions given on page 81, as existing 

T 

between flat-ended struts of iron and steel. 

When a grade of steel is used, intermediate in hardness be- 
tween the mild and hard heretofore described, it is probable that 
the strut resistance for such material may be safely approxi- 
mated by simple proportion. 

For instance, the steels referred to had carbon ratios of .12 
and .33 per cent, respectively. A mean proportion of these 
would be .24 per cent. 

It is probable that steel of latter grade would possess inter- 
mediate compressive resistance between the two grades described 
from our experiments. 



r 
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No. 3. 



PENCOYD I BEAMS AS STRUTS. 



GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION. 

When the strata are secure from failare in the direction of the flanges, and 
can bend only in the direction of the web C D. Ut^ing factors of safety 
given in previous tables. 



Sizi 

OF 

Bkam. 



15 



tf 



Heavy.... 



8« 



15" 

Light . . . , 

r == ft'98 



12" 

3 * * • ' 



Heav: 

r 



12 



n 



Light ... 



Heavy. 



tr 



94 



tf 



Light . . . 

r^ 4-«« 



10 



n 



Heavy. . . . 



Condition 

OF 

Bndb. 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends.. 
Flat EndR.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends.., 

Flat Ends 

Hinged Ends. 
Round Ends. . . 



Fixed Ends.. 
Flat Ends..... 
Hinged Ends. 
Round Ends. . 



Fixed Ends. 

Flat Ends 

Hinged Ends. 
Round Ends. . . 



Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends. . . . 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends.. 



Length in Fbst. 



8 



10 



12 



14240 18700 
14240 13700 
13200 



13790 
18100 



14880 
14880 
13940 
13330 



14 



16 



18 



13160 13650 12140 11670 11310 



00 



22 



13160 12650 12140 
12610 12050 11510 



1250011840 



14380 13840 18803 
1438011384 ) 13300 



13940 
13330 



1335012760 



11210 10600 



12780 
12780 
1-2190 



12^70 

12270 
11650 



11670,11310 
llOtO 10620 



10020 



11760 
11700 
11110 



12670 12000 11360 10750 10140 



13570 12900 12270 



1^70 
13050 
12330 



12900! 12270 
1232011650 



11670 11230 lOTTO 
11670111^10770 
11010 10520 10040 



11520 10750: 10020 



14380:1370013030 



14380 13700 13080 12400 11760 11310 10860 10480 



9410 



8820 



13940 
18380 



13970 

139 ;o 

13500 
12830 



13970 
18970 
13500 
12830 



1320012460 
12500 116/0 



13160 12400 
13180 12400 
12610,11780 
11840 109(j0 



13160 
13160 
12610 
11840 



18840 13030 
13840,1:^080 
13:i50 12460 
12670111670 



12400 
12400 
11780 
10900 



12140 
12140 
11510 
1060U 



12400117601131010860 



9580 



11400 

11400 

10720 

9660 



10840 

10840 

9590 

SMO 



1178011110 
10900 10140 



106i0 10180 
9580 8030 



11760112201069010170 



117601122010690 



11110 
10140 



11760 
11760 
11110 
10140 



10520, 
9410 



11220 

11220 

10520 

9410 



11490 10950 

1149010950 

10820,102:^0 

9780 9050 



9950 
8710 



10090 

10690 

9950 

8710 



10480 

104.30 

9680 



10170 
9410 
8040 



10480 
9680 
8870 



9760 
9760 
8960 
7580 



10170 9760 

10170 9760 

9410! 8960 

8040 7530 



9920 9480 
9920 9430 
9140 8600 



aSTO 7720, 7140 



24 



10960 

10950 

10280 

9060 



11040 

11040 

10880 

9170 



9920 
9920 
9140 
7720 



10000 

lOiWO 

9280 

7820 



9270 
9270 
8420 
6050 



9270 

9270 
8420 
6950 



8960 
8960 
8(180 
6580 
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1 



No. 3. 



PENCOTD I BEAMS AS STRUTS. 



-G- 



;a 



- ^ ■!■ 1.. .-0. 



)B 



7 



4 



In the marginal colnmns r indicates the radins of gyration taken aroand 
axis A B, Wnen strut is hinged the pins are supposed to lie in the direc- 
tion A B. Under the conditions stated the strut may be considered flat 
ended in direction A B. 



Length in Fbet. 



26 



10600 
10600 

»860 
8600 



10690 

10690 

9950 

8710 



0490 
9430 
8600 
7140 



9500 
9690 
8780 
7330 



8800 
8800 
7910 
6400 



8800 
8800 
7910 
6400 



8600 
8600 
7980 
6040 



S8 



10260 

10260 

9500 

815(J 



10340 

10340 

9690 

8260 



9040 
9040 
8160 
6670 



9190 
9190 
8830 
6850 



8420 
8420 
7500 
S060 



8420 
8420 
7500 
59S0 



8180 
8170 
7170 
6490 



30 



9920 
9920 
9140 
772U 



10000 

10000 

9230 

7820 



8650 
8660 
7750 
6220 



8800 
8800 
7910 
6400 



8140 
8120 
7100 
5420 



8000 
8070 
7040 
5350 



7900 
7870 
6780 
5160 



82 



9510 
9510 

8690 
7240 



84 



9190 
9190 
8330 
6b50 



9680 9350 

6680! 9:^50 

8870 8510 

743G 7040 



8380 
8320 
7370 
5810 



8420 
8420 
7500 
5950 



7860 
7830 
6790 
5100 



7810 
7780 
6650 
5030 



7680 
7590 
6410 
4760 



8090 
8070 
7040 
5350 



8180 
8170 
n70 
5490 



7590 
1540 
6340 



36 



38 



8880 
8880 
8000 
6490 



9040 
9040 
8160 
6670 



7860 
7880 
6720 
5100 



7950 
7920 
6840 
5330 



7820 
7210 
5960 



4690 4320 



7S40 7320 
7500i 7210 
6280, 5080 
4630 4320 



7320 
7210 
5980 
4320 



7070 
6840 
5620 
3990 



8580 
8580 
7670 
6130 



8780 
8780 
7830 
6310 



7630 
7590 
6410 
4760 



7720 
7680 
6530 
4890 



7(m) 
6840 
5620 
3980 



7070 
6840 
5620 
3980 



6880 
6490 
5280 
3650 



40 



42 



Condition 

OF 

Ends. 



8330 8140 Fixed Ends.. 
8820; 8120 Flat Ends.... 
7370i 7100 Hinged Ends. 
5810 5420 Round Ends. . 



8420 
8420 
7500 
5950 



7410 
7880 
6100 
4440 



7500 
7450 
6220 
4560 



6870 
6550 
5340 
8710 



6870 
6550 
5340 
8710 



6580 
6160 
4960 
8340 



8230 Fixed Ends... 

8220 Flat Ends 

7240 Hinged Ends.. 
5660 Round Ends... 



7190 Fixed Ends.... 

7020 Flat Ends 

5800 Hinged Ends... 
4150, Round Ends 



7280 
7140 

5920 
4270 



6620 
6210 
5010 
8390 



6620 
6210 
5010 
3390 



6310 
5880 
4670 
8050 



Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends.... 



Fixed Ends.... 

Flat Ends 

Hinged Ends.. 
Round Ends. . . 



SiZB 
OP 

Beam. 



15" 

Heavy. 



15 



8< 



n 



Light. 

r =- «>»8 



12" 

Heavy. 

r = «'«9 



12 



If 



Light. 

r = 4-78 



lOi" 

Heavy. 

r ■= 4*84 

lor' 

Light. 

r ■= 4'a« 

10" 

Heavy. 

r -= «-»4 
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No. 4. 
PENCOYD I BEAMS AS STRUTS. 

GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION. 

When the etrnts are secure from failaro in the direction of the flanges and 
can bend only in the direction of the web C D. Using factors of safety 
given in previous tables. 



Size 

OF 

Beam. 



10" 

Light..., 

r =^ 4*06 



9" 

Heavy — 

r •= 3*69 

9" 

Light 

r — 3*«8 



Hea 



8" 

vy... 



/f 



8 

Light . . . 

7" 

Heavy. . . 

r " a«76 

7" 

Light... 



Condition 

OP 

Ends. 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Length in Feet. 



6 



Fixed Ends.... 

Flat Ends 

Hinged Ends. . . 
Round Ends 



Fixed Ends 

Flat Ends 

Hinged Ends.. . 
Round Ends 



Fixed Ends... 

Flat Ends 

Hinged Ends. 
Round Ends. . 



Fixed Ends.. 

Flat Ends 

Hinged Ends. 
Round Ends. . 



Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



8 



13840 
13840 
13350 
12670 



14380 
14380 
13940 
13330 12170 



14380 
14380 
13940 
18330 



14110 
14110 
13640 
13000 



14110 
14110 
13640 
13000 



13570 
13570 
13050 



13430 
13430 
12900 



13570 
13570 
13050 
12330 



13030 
13030 
12460 
11670 



13160 
13160 



10 



13030 
13030 



12 



12270 
12270 



1246011650 
11670 10750 



12650,11760 
12660,11760 



121)50 
11210 



11110 
10140 



14 



11670 
11070 
11010 
10020 



11130 

11130 

10420 

9290 



1265011890 11220 
1*26501189011220 
12050| 11240 10520 
11210 10290 9410 



12140 
12140 
11510 
10600 



12140 
12140 



1261011510 
1184010600 



12400 
12400 
11780 
1233010900 



13700 12650 
1370012650 
151200 12050 
12500 11210 



11400 

11400 

10720 

9660 



11580 

11580 

10910 

9900 



11310 10690 
11310 10690 
106*^0, 9950 



9530 



8710 



16 



18 



11400 10690 

11400,10690 

10720 9950 

9660 8710 



10690 

10690 

9950 

8710 



9920 
9920 
9140 
7720 



10860 10170 
10860 10170 



10130 
8930 



9410 
8040 



11130 10600 

1113010600 

10420 9660 

9290 8600 



10600 

10600 

9860 

8600 



10000 

10000 

9230 

7820 



1069010090 
10690; 10090 



9950 
8710 



9320 
7930 



20 



lOfOO 9430 
10000 9430 



9230 
7820 



10090 

10(90 

93-20 

7930 



9190 
9190 
8380 
6850 



9510 
9510 
8690 
7240 



22 



8600 
7140 



9510 
i510 
8690 
7240 



8500 
8600 
7580 
6040 



8800 
8800 
7910 
6400 



10090 

10090 

9320 



9510 
9510 

86ro 

7240 



9590 
9500 
8780 
7330 



8800 
8800 
7910 
6400 



8880 
88.S0 
8000 
6490 



8090 
80» 
7040 
5350 



8280 
8270 
7300 
5790 



9590 
9S00 
8780 
7380 



8960 
8960 
8U80 
6680 



9040 
9040 
8160 
6670 



8330 
8320 
7370 
5810 



8370 
8370 
7430 
5880 



7880 
7^1 
64^ 
4830 



7900 
7870 
6780 
5160 
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1 



No. 4. 
PENCOYD I BEAMS AS STRUTS. 

u 



-c- 



fV 



I 



A 



\r 



\i 



-0, 



iB 



In the mai^nal colnmns r Indicates the radiuA of gyration taken around 
axis A B. ^vhen strut is hinged the pins are suppoiMxi to lie in the direc- 
tion A B. Under the conditions stated the stmt may be considered Hat 
ended in direction A B. 



Length in Febt. 


Condition 

OF 

Ends. 


Size 


24 


26 

8650 
8650 
7750 
6220 


28 

8280 
8270 
7300 
5730 


30 

8000 
7970 
6910 
5200 


32 

rrao 

7680 
6530 
4890 


34 

7450 
7390 
6160 
4500 


36 

7190 
7020 
5800 
4150 


38 

6990 
6720 
5500 
3870 


40 


OP 

Beak. 


9110 
9110 
8^50 
6760 


6760 Fixed finds.... 

6370 Flat Ends 

5170 Hinged Ends... 
3540 Round Ends... 


10" 

Light. 

r = 4-Oft 


8420 
8420 
7500 
6050 


8140 
8120 
7100 
5420 


7810 
7780 
6630 
5030 


7540 
7500 
6280 
4630 


7240 
7080 
5860 
4210 


6950 
6660 
5450 
3810 


6710 
6310 
5110 
3490 


6400 
5970 

4no 

3150 


6090 
5650 
4440 
2820 


Fixed Ends.... 

Flat Ends 

Hinged Ends.. 
Round Ends. . . . 


9" 

Heavy. 
I -= 3-ea 


8580 
8580 
7671) 
6180 


8180 
8170 
7170 
5480 


7900 
7870 
6780 
5160 


7590 
7540 
6340 

4690 


7320 
7210 
5980 
4320 


7030 
67S0 
5560 
3920 


6790 
64r)0 
5220 
3600 


6490 
6070 
4860 
3240 


6170 
5740 
4530 
2910 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends.... 


9" 

Light, 
r " 3'e>j 


7950 
7920 
6840 
5280 


7630 
75'K) 
6410 

4760 


7280 
7140 
5920 
4270 


6990 
6:20 
5500 
3870 


6670 
6280 
5080 
3440 


6350 
5930 
4720 
3100 


6010 
5560 
4350 
2730 


5710 
5230 
4010 
2430 


5430 
4880 
3620 
2160 


Fixed Ends.... 

FlHt Ends 

Hinged Ends... 
Round Ends. . . . 


8" 

Heavy. 

r =- 381 


8000 
7970 
6910 
6200 


7680 
7640 
H470 
4830 


7320 
7210 
5080 
4320 


7030 
6780 
5560 
3920 


6750 
6370 
5170 
3540 


6400 
5970 
4770 
3150 


6000 
5650 
4440 
2820 


5600 
5340 
4120 
2510 


5510 
4«80 
37;30 
2230 


Fixed Ends... 

Flat Ends 

Hinged Ends... 
Round Ends.... 


8" 

Light. 

r »= 3-aft 


7280 
7140 
5920 
4270 


6950 
6660 
5450 
3810 


6580 
6160 
4960 
3340 


6170 
5740 
4530 
2910 


5800 
5340 
4120 
2510 


5470 
4930 
3680 
2190 


5110 
4490 
3210 
1860 


4740 
4090 
2800 
1620 


4370 
3710 
2440 
1420 


Fixed Ends... 

Flat Ends 

Hinged Ends... 
Round Ends. . . . 


7" 

Heavy. 

r= 9-76 


7500 
7450 
6220 
4.VI0 


7150 
6960 
5740 
4090 


6830 
6490 
5280 
3650 


6440 
6020 
4820 
32U0 


6090 
5650 
4440 
2820 


5750 
5280 
4060 
2470 


5430 
48H0 
862J 
2150 


5070 
4440 
8160 
1830 


4740 
4090 
380() 
1620 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends. . . 


7" 

Light. 
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No. 5. 



PENCOYD I BEAMS AS STRUTS. 



GREATEST SAFE LOAD IN LBS. FEB SQUARE INCH OF SBCTIOir. 



When the struts are secare from failure in the direction of the flanges, and 
can bend only in the direction of the web C. D, Using factors of safety 
given in previous tables. 



SiZB 


Condition 

OF 

Ends. 


Lbmoth in 


Feet. 






OF 

Bkam. 


2 


4 

14M) 
14240 
1.3790 
13160 

14.380 
14880 
13940 
13330 

1.3840 


6 


8 
11580 


10 
10600 


12 

9640 
9840 
9050 
7630 

10090 

10090 

9320 

7930 

9040 
9040 
8160 
6670 

9430 
9430 
8600 
7140 

8040 
8020 


14 

8960 
8960 
8080 
6580 

9270 
9270 
8420 
6060 

8280 
8220 
7240 
6660 

8580 
8580 
7670 
6130 

7370 
7270 


16 

8280 
8270 
7800 
5780 

8500 
8600 
7590 
6040 

7680 
7640 
6470 
4830 

8000 
7970 
6910 
5200 

6750 
6370 
6170 
3540 

6890 
6490 
6280 
3650 

5080 
4890 
3110 
1790 

5230 
4680 
3360 
1970 


18 


6" 


Fixed Ends.... 


12900 


78iO 


Flat Ends 




12900, 11580il0fl»0 


7780 


Heavy 

r = 9*81 


Hinged Ends. . . 
Round Ends. . . . 


■ • • • • 


12320;i0910 
11520 9900 


9950 
8710 

10950 

10950 

10230 

9050 

10000 


6660 
5080 


6" 

Light 


Fixed Ends ... 
Flat Ends... 
Hinged Ends. . . 
Round Ends. . . . 




. - - _ 


13030 
13030 
124€0 
11670 

12270 
12270 
11650 
10750 

12650 
12650 


11760 
11760 
11110 
10140 

11040 


8000 

7970 
6910 
50OO 


5" 


Fixed Ends.... 




7110 


Plat Ends 




13340 
13350 
12ft70 


11040 10000 


6900 


Heavy 


Hinged Ends... 
Round Ends. . . . 




10830 
9170 

11400 


9230 
7^0 

10840 


5680 
4080 


5" 


Fixed Ends.... 




14110 
14110 


7500 


Flat Ends 




11400 10340 

10720' 9690, 

9660 8260 


7450 


Light.... 

r = S-Oit 


Hinged Ends... 
Round Ends . . . 




1.3640 12050 
13000 11210 

13160 11400 
13160 11400 
12610 10720 
11840 9660 


6220 
4560 


4" 


• 

Fixed Ends.... 




10090 

10090 

9320 

7930 

10170 

10170 

9410 

8040 

8500 
8500 
7580 
6040 

8660 
8650 
77,50 
6*220 


8880 
8880 
8000 
6490 

8960 
8960 
8080 
6580 

7540 
7500 
6280 
4630 

7680 

7640 
6470 

,«80 


6190 


Flat Ends 




5700 


Heavy — 
r = 1 • «a 


Hinged Ends.. 
Round Ends.... 




6970 6040 
5270 4380 


4480 
2870 


4" 


Fixed Ends... 
Flat Ends 




13160 
18160 


11400 
11400 


8090 
8070 
7040 
5.350 

6710 
6810 
5110 
8490 

6870 
6660 
6340 
8710 


7410 
7830 
6100 
4440 

6840 
5380 
4160 
2560 

6060 
6610 
4390 
2780 


6170 
5740 
4.580 
3910 

4210 
8540 
2280 
18^30 

4450 

8790 
2520 
1460 


Light 

r == 1-66 

3" 

Heavy. . . . 

3" 

Light 

r ^ I'Sft 


Hinged Ends. . 
Round Ends. . . . 

Fixed Ends 

Flat Ends 

Hinged End»«... 
Round Ends 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends 


14.380 
14380 
13940 
13830 

14520 
14590 
14090 
13500 


12610 
11840 

11780 
11760 
11110 
10140 

12010 
12010 
11880 
10440 


lom 

9660 

10000 

10000 

9280 

7820 

10170 

10170 

9410 

8040 



^ 
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No. 5. 
PENCOYD I BEAMS AS STBUTS. 



lA 



-O" 



fV 



A 



\f 



"U 



-Or 



13 



In the marginal colamns r indicates the radins of gyration taken aronnd 
axis A. B. when strut is hinged the pi us are supposed to lie in the direc- 
tion A. B. Under the conditions stated the strut may be considered flat 
ended in direction A. B, 



LSNGTH IN FKET. 



22 



24 



0910 6440 
6600 6020 
59901 48>« 
3760 SdOO 



20 



7320 
7210 

fioeo 

4320 

7540 
7S00 
0280 
4630 

6600 
6210 
5010 
8880 

7080 
6780 
5560 
8(») 



6610 4910' 4200 
4»80 4-260 8620 



7110 
0900 
S680 
4080 

6000 
5650 

4440 



6710 
6310 
5110 
8490 

6590 
6080 
3840 
2810 



6680 6090 
6160 5650 
48601 4440 
83401 2820 



26 



8780 2970 

2230 1710 

5560 5000 

5080 4350 

8840 8060 



2860 
1370 



6010 
5560 
4350 
2730 

6310 
5680 
4670 
8050 

5110 
4480 
8210 
1860 

5680 
5130 
8900 
2850 

8790 
8160 
1800 
1130 



28 



4410 3R60 

3750 3220 

2480, 2040 

2310 1760 1440. 1160 

8560 2940 2460 2000 



2050, 2480 
1840 1430 
1080 810 



8760, 3150 
8180 2640 
1970 1570 
11201 880 



2100 1780 

1160 960 

660 560 



5590 
5080 
3840 
2310 

5880 
5430 
4210 
2600 

4610 
8860 
2680 
1550 

5150 
4540 
3260 
1900 

8310 

2760 

1670 

830 



30 



5150 
4540 
3260 
1800 

5470 
4030; 
3680 
2180 

4130 
3460 
2220 
1290 

4600 
4040 
2760 
1500 

2850 
2420 

1380 
780 



32 



84 



4740 
4080 
2800 
1620 

5070 
4440 
3160 
1830 
I 
8780 
3100 
1850 
1100, 



4290 
3620 
2360 
1370 

4650 
4000 
2720 
1570 

3340 

2780 

1680 

040 



4250 3860 

3580 8220 

2820 2040 

1860 1160 

2500 2180 

2140 1910 



1180 
670 



3400 2940 2570 

2880 2480, 2180 

1730; 1430l 1220 

860! 810 680 

1740 ISfiO 1320 

1400 12'J0 1000 

800 680 500 

450 370 320 



2R10 2180 1850 1630 1420 1390 

2230! 1810 1620. 18501 1110 800 

1240 1040! 870 740l 630: 550 

710 600 500, 4101 350 280 



1040 
600 

2240 

1850 

1070 

610 

1120 
620 
500 

260 



86 



Condition 

OP 

Ends. 



8030 Fixed Ends.. 
3280 Fiat End9... 
2080 Hinged Ends. 
llOOJKouud Ends . 

425o'Fixed Ends.. 
3580; Flat Ends.... 
2320 Hinged Ends. 
1860 Round Ends.. 

2970 Fixed Ends. . 

2500 Flat Ends.... 

1450 Hinged Ends. 

&» Round Ends.. 



3500,Fixed Ends... 

9000 Flat Ends 

1800Hinge<l Ends.. 
1000 Round Ends... 

1000 Fixed Ends... 



1680 
000 
520 

1030 
1720 

020 



Flat Ends.... 
Hinged Ends. 
Round fiiids.. 

Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 



540 Round Ends.. 

000 Fixed Ends.. 
670 Flat Ends.... 
420 Hinged Ends. 
280 Round Ends. . 

1060. Fixed Ends.. 

750 Flat Ends 

460 Hinged Ends. 
240 Round Ends.. 



SiZIE 
OP 

Beam. 



6 



ft 



Heavy. 

r ... S'Sl 



6 



It 



Light. 

r "- a«4t 



5" 

Heavy. 

T ^ 1 • »• 



5" 

Light, 
r = a-oe 

4" 

Heavy. 

4" 

Light. 

3" 

Heavy. 

3" 

Lipht. 

r — I'SS 







130 TABLES OF STBUTS. 

No 6. 

PENCOYD I BEAMS AS STRUTS. 

GBE1.TEST SAFE UOAD IN LBS. PER SQUAEB INCH OF SECTION. 

When the stmts are free to bend at right angles to the web ; or in the 
weakest direction C. D, Using factors of safety given in preyioos tables. 



Size 


Condition 

OF 

Ends. 


Length in Feet. 


OP 

Beam. 


2 

14880 
14380 
13940 

i8sao 


4 


6 

10000 

10000 

9230 

7820 


8 

8420 
6420 
7300 
6050 


10 

7500 
7450 
6220 
4560 


18 
6670 

eado 

5060 
3440 


14 

5800 
6840 
4120 
2610 


16 

5000 
4350 

8060 
1760 


18 


15" 

Heavy. . . . 


Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends — 


11760 
11760 
11110 
10140 


41T0 
8R00 
2250 
1310 


15" 

Lij,'ht 


Fixed Ends.... 

Flat Ends 

Hins:ed Ends... 
Roimd£nd)».... 


14110 
14110 
13d40 
13000 


11400 

11400 

10780 

9660 


9430 
9430 

8600 
7140 


8000 
7970 
6910 

saw 


7030 
6780 
5560 
3920 


6080 
5650 
4440 
2820 


6150 
4640 
8260 
1900 


4250 
3580 
2320 
1360 


8500 

2900 
1800 
1000 


12" 

Heavy — 

r — 1*17 


Fixed Ends.... 

Flat Ends 

Hin<^ Ends... 
Round Ends 


14240 
14240 
13790 
13160 


11670 
11670 
11010 
10020 


9840 
9840 
9050 
7630 


8330 
8320 
7370 
5810 


7370 

7270 
6010 
4380 


6630 
6110 
4910 
3290 


6630 
5130 
9900 
2350 


4820 
4170 
2890 
1660 


4000 
8340 
2130 
1230 


12" 

Light.... 

r — I'Oi 


Fixed Ends.... 

Flat Ends...... 

Hinged Bnds... 
Round Ends 


13840 
13840 

12070 


11040 

11040 

10330 

9170 


9110 
9110 
8250 
6780 


7720 
7680 
6530 
4890 


6710 
6310 
5110 
3490 


5670 
5180 
3950 
2390 


4740 
4090 
2800 
1620 


3830 
3190 
20-iO 
1150 


3060 

2570 

1510 

850 


lOh" 

Heavy,... 


Fixed Ends.... 

Flat Ends 

Hinged Knds... 
Round Ends 


14^«0 
143 
13940 
18330 


11760 
1176C 
11110 
10140 


10000 

10000 

9230 

7820 


8870 
8370 
7430 
5880 


7450 
7390 
6160 
4500 


6620 
6210 
5010 
8R90 


57i:0 
5280 
4060 
2470 


4950 
4800 
3010 
1780 


4130 
8460 
2220 
1290 


lOJ" 

Light..... 


Fixed Ends 

Flat Ends 

Hinged Ends... 
Rouud Ends. . . . 


13840 
13840 
13350 
12670 


10950 

10950 

10280 

9060 


8960 
8960 
8080 
6680 


7590 
7540 
6340 
4690 


6580 
61«0 
4960 
3340 


5510 
4980 
3730 
2230 


4530 
8870 
2600 
1500 


.S630 
3010 
1880 
1060 


2880 

2440 

1400 

790 


10" 

Heavy. . . . 


Fixed Ends ... 

Flat Ends 

Hinged Ends. . . 
Round Ends.... 


13840 
13840 
13850 
12670 


10950 

; 10960 

10280 

9050 


8960 
8960 
8080 
6580 


7590 
7540 
6340 
4690 


6580 
6160 
4960 
8340 


4980 
3730 
2280 


4630 
3870 
S600 
1600 


8680 
3010 
1880 
1060 


2880 

2440 

1400 

790 
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No. 6. 
PBNCOYD I BEAMS AS STRUTS. 



—A- 



PL 

17 



71 



Id 



\J 



I---&- 



In the marglna] columns r indicates the radias of gyration taken around 
axis A. B, When the strut is hinged the pins are supposed to lie in the di- 
rection A, B. If the pins lie in the direction C. J), consider the strut flat 
ended by this table. 



Length in Feet. 



90 


88 


84 

8410 

8070 

1140 

660 


36 

1960 

1760 

940 

660 


28 

1720 

1460 

790 

440 


80 


8600 

2900 
1800 
1000 


8880 

8440 

1400 

790 


1500 

1800 

670 

870 


8680 

8400 

1870 

770 


8810 

9000 

1100 

680 


1870 

1660 

890 

510 


1680 

1840 

780 

410 


1880 

1060 

610 

840 


1160 
850 
580 
280 


8840 

8780 

1690 

940 


8780 

2380 

1310 

740 


8870 

1970 

1080 

680 


1870 

1660 

890 

610 


1640 

1860 

740 

410 


1410 

1100 

680 

350 


£450 

8100 

1160 

660 


1940 

1780 

980 

640 


1660 

1890 

760 

480 


1400 

1090 

680 

860 


1160 
850 
580 

880 


1000 
670 
430 
8:)0 


8480 

8fi60 

1750 

970 


8R80 

8400 

1870 

770 


8860 

8(180 

1180 

640, 


1980 

1780 

980 

540 


1680 

1480 

770 

480 


1470 

1170 

660 

860 


8890 

1990 

1080 

680 


1860 

1680 

870 

600 


1660 

1870 

TOO 

890 


1310 
990 
580 
380 


1070 
770 
470 
860 


980 
600 
390 
810 


8890 

1990 

1090 

680 


1860 

1680 

870 

600 


1660 

1870 

TOO 

880 


1810 
990 
580 
880 


1070 
770 
470 
850 


980 
600 
890 

810 



38 


84 
1090 


1290 


970 


800 


580 


490 


320 


260 


1000 


860 


670 


520 


480 


840 


230 


200 


1210 


1040 


890 


780 


540 


460 


290 


240 


860 


780 


510 


410 


840 


870 


200 


160 


1860 


1070 


940 


770 


660 


47D 


810 

780 


8Q0 
670 



460 
800 
170 



780 
460 

800 
170 



880 
840 
150 



670 
880 
840 
150 



36 



Condition 

OF 

Ends. 



980 Fixed Ends... 

650 Flat Ends 

420! Hinged Ends. 
830 Round Ends.. 



740 
480 
880 
170 



980 

580 
880 
810 



960 
680 
400 
220 



Fixed Ends.., 

Flat Ends 

Hinged Ends. 
Round Ends. . 



Fixed Ends..., 

Flat Ends 

Hinged Ends... 
Round Ends.... 



Fixed Ends... 

FlatEndH , 

Hinged Ends... 
Round Ends. . . 



Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends 



Fixed Ends 

FlatEnd^ 

HiniredEnds... 
Round Ends.... 



Fixed Ends.... 

FlatEndH 

Hinged Ends... 
Round Ends. . . . 



Size 

OF 

Beak. 



15 



n 



Heavy. 

r — 1-90 



15" 

Light. 

r— l-Ot 



12" 

Heavy. 

f — 1 -IT 



12" 

Light. 

r --. 1.01 



lOi" 

Heavy. 

lOi" 

Light. 

r — ••? 



10" 

Heavy. 

r — ••« 



r 
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No. 7. 
PENCOYD I BEAMS AS STRUTS. 

GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SEGTIOIT. 

The stmt is supposed to be free to bend in the weakest direction C. J), 
The radius of gj ration Is taken around A. JB. 



Size 

OF 

Beam. 



10 



ff 



LIsht... 



9 



n 



Heavy — 



9 



ff 



Light 

r — .8» 



8 



ff 



Heavy — 



8" 

Light. 



•8H 



1" 



Heavy. . . 

r = -79 



7" 



Light.... 



Condition 

OP 

Ends. 



Fixed Ends 

Flat Ends 

Hinged Ends . . 
Round Ends 



Fixed Ends... 

Fiat Ends 

Hinged Ends. 
Round Ends. . 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends 

Fiat Ends 

Hinged Ends... 
Round Ends. . . . 



Fixed Ends 

Fl»itEnd8 

Hinged Ends... 
Round Ends. . . . 



Fixed Ends... 

Flat Ends 

Hinged Ends., 
Round Ends. . , 



Fixed Ends... 

Flat Ends 

Hinged Ends. 
Round Ends. . 



Length in Feet. 



2 



1370010770 
13700 10770 
13^00 10040 
12500 6890 



13700 10660 



13700 
13900 
l^SOO 



13430 
13430 
13900 
12170 



13S70 
1S67) 
1303} 
12330 



13430 
13430 
12900 
12170 



13030 
13030 
12460 
11670 



13160 
13160 
12610 
11840 



10660 

10130 

8980 



10520 

10520 

9770 

8490 



10770 

10770 

10040 

8820 



10480 

10480 

9680 

8370 



99?0 
9920 
9140 
7720 



10090 

10090 

9320 

7930 



6 


8 

7450 
7300 
6160 
4500 


10 

6400 
5970 
4770 
8150 


12 

5310 
4780 
3460 
2040 


14 

4290 
8620 
2360 
1370 


16 

8480 

2860 

1750 

970 


8730 
W30 
7830 
6310 


8800 
8800 
7910 
6400 


7800 
7460 
6230 
4560 


6440 
6020 
4620 
8200 


6390 
4880 
8570 
2120 


4370 
8710 
2440 
1420 


8500 
2900 
1800 
1000 


8370 
8370 
7430 
5880 


7150 
6960 
5740 

4000 


6010 
5660 
4350 
2780 


4910 
4260 
2970 
1710 


8860 
8220 
2040 
1160 


8000 

2580 

1470 

880 


8650 
8660 
7750 
6220 


7410 
7830 
6100 
4440 


6310 
5680 
4670 
8050 


5270 
4660 
8410 
2010 


4210 
8540 
2280 
1380 


8370 

2600 

1710 

960 


8330 
8320 
7870 
5810 


7110 
6900 
5680 
4090 


5960 
5520 
4800 
2600 


4820 
4170 
2890 
1660 


8790 
8160 
1090 
1180 


2940 

2480 

1480 

810 


7900 
7870 
6780 
5160 


6620 
6210 
5010 
3390 


5310 
4780 
3460 
2040 


4100 
8480 

2200 
1270 


8090 
2600 
1580 

860 


3340 

2020 

1110 

680 


8040 
8020 
6970 
5270 


6790 
6430 
5220 
8600 


5550 
5000 
8790 
2270 


4380 
8660 
2400 
1890 


8340 

2780 

1690 

940 


2540 

2170 

1210 

600 



18 



2710 
2800 

1800 
740 



2760 

2840 

1380 

750 



2340 

2020 

1110 

680 



2640 

2250 

1260 

720 



2290 

1990 

1090 

620 



1800 

1560 

840 

480 



1920 

1700 

910 

580 
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No. 7. 
PENCOYD I BEAMS AS STRUTS. 



[I 



iC 



A 



If 



Id 



&■ 



A» B. Indicates tbe direction of pins for hinged struts in this table. If the 
pins are placed in the direction C. D. consider the stmt as flat ended, r in 
marginal columns indica.es radius of gyration around A. B. 





Length in 


Febt 


• 


Condition 

OP 

Ends. 


SiZB 


20 


22 

1740 
1490 

^ 

1790 

1580 

880 

470 

1580 

1280 

680 

880 

1700 

1440 

780 

480 


24 

1460 

1160 

660 

860 

1600 

1200 

670 

870 

1260 
980 
560 
800 

1480 

1120 

640 

860 

1220 
900 
f)60 
290 

950 
610 
400 
S20 

1080 
710 
440 
280 


26 

1210 
890 
540 
290 

1240 
920 
560 
800 

1080 
710 
440 
380 

1170 
860 
580 
280 

1010 
680 
480 
280 

770 
450 
290 
170 

860 
510 
840 
200 


28 

1020 
690 
440 
280 

1040 
720 
450 
240 

860 
620 
840 
200 

990 
670 
420 
280 

840 
500 
830 
190 


30 

860 
510 
840 
200 

880 
540 
860 
200 

720 
410 
270 
160 

880 
490 
830 
190 

700 
400 
250 
160 


82 

780 
410 
270 
160 

740 
430 
280 
170 


84 


86 


OF 

Bkax. 


8110 


Fixed Ends.... 

Flat Ends 

Hinger) i nds... 
Ruund Ends. . . . 

Fixed Ends.... 

FlatEndP 

Hinged Ends... 
Round Endii. . . . 

Fixed Ends 

Flat Ends 

Hin<>:ed Ends... 
Round Ends. . . . 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends 

Fixed Ends.... 

FlatEnd>< 

H>nged Ends... 
Round Ends. . . . 

Fixed Ends.... 

FlatEndp 

Hinged Ends... 
Round Ends 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends. . . . 


10" 


1860 






1010 






Light. 


680 






r- ••» 


2180 






9" 


1910 






1040 






Heavy. 


600 






r =' •»• 


1840 






9" 


1610 








870 








Light. 


fiOO 








r = 'Ba 


fiOTO 


700 
400 






8" 


1880 






990 


250 
160 






Heavy. 


fiTD 






r- 'U 


1800 








8" 


1660 1200 








840i fvm 








Light. 


480 


870 

11M) 








r =« -HU 


1450 








7" 


1150 840 












660 f9t\ 












Heavy. 


800 


270 
i97n 












1670 


700 
400 
250 
160 










1" 


jjMn pffo 










710 570 










Light. 


890 sin 








, 


r-^.sa 

















r 
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No. 8. 
PENCOTD I BEAMS AS STRUTS. 

GBEATB8T SAFE LOAD IN LBS. FEB BQUABE INCH OF BECTIOK. 

(See remarks at head of Tables No. 6 and 7.) 



Size 


• 

Condition 






Length in 


Feet 


1 




OP 

Beam 


OP 

Ends. 


8 

13140 
12140 
11510 
10600 


4 

8880 
8880 
8000 
6490 


6 

7080 
6780 
5560 
8820 


8 

5470 
4930 
8680 
2190 


10 

4000 
8340 
2180 
1^:0 


12 

2880 

2400 

1870 

770 


14 

2000 

l-iflO 

960 

660 


16 

1650 

1860 

700 

890 


18 


6" 

Heavy.... 


Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends 


1170 
860 
580 
2t)0 


6" 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends..,. 


12270 
12270 
11650 
10750 


8960 
8960 
8060 
6580 


7110 
6900 
5680 
4030 


5590 
6080 
8840 
2310 


4100 
8430 
2200 
1270 


2940 

2480 

1480 

810 


9080 

1840 

1000 

680 


1600 

400 


1980 
800 
660 
390 


5" 

Heavy 

r — ••© 


Fixed Ends.... 

Flat Ends 

Hinged Ends. . . 
Round Ends 


11760 
11760 
11110 
10140 


8420 
8420 
7500 
5950 


6670 
6260 

5«;o 

8440 


6000 
4850 
8060 
1760 


8500 
2900 
1800 
1000 


2410 
2070 
1140 

6.:o 


1790 

1460 

790 

440 


1880 

970 
660 
820 


660 
660 
420 
280 


5" 

Light 

r-- •«© 

• 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends. . . . 


11760 
11760 
11110 
10140 


8420 
8420 
7500 
5950 


6670 
6260 
5060 
8440 


6000 
4850 
8060 
1760 


8500 
2900 
1800 
1000 


2410 

2070 

1140 

660 


1790 

1460 

790 

440 


1880 
87C 
68C 
82C 


980 
650 
480 
280 


4" . 

Heavy. . . . 


Fixed Ends 

Flat Ends 

Hinged Ends... 
RouudEnds.... 


12010 
12010 
11380 
10440 


8730 
8730 
78:)0 
6310 


6910 
6600 
6390 
8760 


5310 
4730 
2460 

2040 


8880 
8190 

2020 
1150 


9660 

2260 

1270 

730 


1870 

1660 

890 

610 


144f 

114( 

64( 

86C. 


1070 

470 

250 


4" 

Light 

r =- '61 


Fixed Ends 

Flat Ends 

Hiugod Ends... 
Round Ends 


11130 

11130 

10420 

9290 


rrro 

7730 
6590 
4960 


5750 
5280 

4C60 
2470 


8890 
82:)0 
2060 
1180 


2S20 

2160 

1200 

680 


1690 

1480 

770 

430 


1800 
880 
640 
290 


87( 
630 

850 
900 




3" 

Heavy. . . . 


Fixed Ends .... 

Flat Ends 

Hin<jred Ends... 
Round Ends.... 


iiero 

11670 
11010 
10020 


8370 
8370 
7430 
5880 


6620 
6210 
5010 
8390 


4810 
4260 
2670 

mo 


8400 

2880 

1730 

960 


8810 

8000 

1100 

680 


1660 

1890 

TWO 

420 


1840 
920 
660 
800 


940 
600 

asw 

210 


3" 

Light 

r >"» 'Si 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends. . . . 


11310 

11310 

10620 

9530 


7900 
7870 
6780 
5160 


5960 
5520 
4800 
2690 


4180 
8460 
2220 
1290 


2780 

2820 

1810 

740 


1810 

1580 

850 

480 


1880 

1000 

860 

820 


960 
680 
410 
880 


710 
400 
200 
160 



L 
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ROLLED ANGLES AS STRUTS. 

Tables Nos. 9 and 10 apply to even-legged angles acting as 
struts. As described in the head notes, the angle is considered 
free to yield in its weakest direction, that is in the direction 
of the least radius of gyration. 

If the angle is prevented from failing in this direction, by 
bracing or otherwise, its resistance will be increased to some ex- 
tent, and a correction can be made by taking the greatest instead 
of the least radius of gyration into the calculation. 

Example. — An angle strut with flat ends, whose dimensions 
are 4 X 4 X I inches, and 13 feet long, has a least radius of gyra- 
tion of .81 inch, and greatest radius of gyration 1.24. When 

the strut has no lateral support the value of — would be — = 

178. tSee table on page 98.) By Table No. 2 the safe load 
would be 3,580 lbs. per square inch. 

If this strut k now braced so that it cannot fail in the weakest 
direction, that is in the line of a diagonal from the comer of the 
angle, but is free to fail in the direction of its legs, then the 

I 144 

value of — becomes ^-^r^r = 116, and the safe load by the tables 
r 1 . «4 

becomes 6,500 lbs. per square inch. 

STRUTS COMPOSED OP SEVERAL ANGLES. 

If a strut is composed of several angles, properly braced to- 
gether, so that the angles cannot fail individually, find the least 
radius of gyration of the section in the manner described on 
page 111, and thus the working resistance of the strut from 
Table No. 2, as described before. 

Example.^ What is the working resistance 
of a flat-ended strut 10" square outside, and 
18 feet long, composed of four 3x8 angles 
< iQff y connected by triangular bracing ? 

The radius of gyration as found on page 






n 



111, is 4.21 inches. -= 51. 

r 

Safe load per square inch by Table No. 2 = 10,800 lb& 
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But the angles will fail individually if the bracing is not suf- 
ficient. To determine the greatest distance apart for centres of 
bracing, consider each angle as a strut bearing 10,800 lbs. per 
square inch of section. The least radius of gyration for a single 

angle is .60 inch. By Table No. 2, the value of — correspond- 

T 

Ing to the pressure of 10,800 is 51, as found above. Therefore 
.60 X 51 = 30 inches, which is the greatest distance apart for 
centres of bracing. For properly designed struts of the fore- 
going section, the resistance per square inch may be ascertained 
approximately by means of table No. 18, page 158, although the 
former kind of column should be somewhat stronger than the 
latter per unit of section. 



STRUTS OF UNEVEN ANGLES. 

When uneven angles are used as struts, find the value of — 

r 

by means of the least radius of gyration as found on page 99, 
and the corresponding resistance per square inch of section by 
table No. 2 as before. If the angle is braced in such a manner 
that failure cannot occur diagonally, it will then fail in the di- 
rection of the shortest leg, and if braced in this direction also, 
it will be forced to fail in the direction of the longest leg. The 
resistance in either direction can readily be found by means of 
the respective radii of gyration, as given in columns VII, VIII, 
IX, page 99. 

It is frequently desirable to use a pair of uneven angles, 
braced together in the direction of the shortest legs. 



jj 



Total length = L. 



n 




^ 1 



For this form the least radius of gyration for the combined 
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sections will be the same as the greatest radius of gyration for a 
single angle. Therefore take in the tables of elements of un- 
even angles, the greatest radius, or that corresponding to axis 
A By when estimating the strength of the combined sections, 
and the least radius when determining the distance between cen- 
tres of bracing. 

Uxample. — A flat-ended strut, 16 feet long, is composed of 
two uneven angles, each 6 x 4 x ^ inches, and 4.75 square 
inches sectional area. The angles are braced together in the 
direction of the short legs. What is the greatest safe load for 
the strut, and what the greatest distance between centres of 
bracing measured on the leg of the angle ? 

By the tables on page 99, the greatest radius of gyration = 

1.9 inches, therefore — = 101. 

r 

By Table No. 2 we have for this 7,450 lbs. per square inch, 
or 70,700 lbs. for the whole strut. The least radius of gyration 
is .92 inch, which multiplied by 101 gives 92.9 inches as the 
greatest distance between centres of bracing. 

To find the greatest distance apart centres of bracing (Q should 

be it is only necessary to remember that — should not exceed ^. 

/ = distance between bracing centres. 

r = least radius of gyration of single angle. 

L = total length of strut. 

B = least radius of gyration of combined section. 

When struts of any section are hinged, in order to utilize the 
maximum efficiency of the strut it is of the utmost importance 
to keep the centre of pin in line with the centre of gravity of 
cross section of the strut. In the tables of elements 94-101, the 
positions of centres of gravity are accurately defined. 



r 
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PENCOYD ANGLES AS STRUTS. 



TABLES OF STBUTS. 

No. 9. 
PENCOYD AKGLES AS STRUTS. 



:A>' 



The radins of grratlon is taken atonl theaile^ fl.wWchBlao Indicates the 
dlrecMon or pin H Itae elml [e hinged, 
r Id mugiDal columne iodlcaKs ndius ol gllsUon aroand aiia A. B. 

Lbnutq in Piet. 



<6" 
<4" 
«8f 



<2i" 
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Na 10, 
PENCOYD ANGLES AS STEUTa 

QBKATXST SAFE IXIADS EH LBB. FBS SQUABS INCH OF BBCTIOK. 
(Sc« remmrfca at held ot Table No. S.) 



BizE OP Axau. 


ENM. 


Lenqtb in Feit. 


2i"x2i-" 


Fixed End!.... 




'-■'■ 




2"x2" 


Fli«d Ends.... 

FlatBnde 

Hinged Ende... 
Round Ends.... 




ij-xir 


linKedEnde... 
Round EodB.... 




ij"xH" 


^i;; 




li"xlj" 


Plied End..... 




l"xl" 


[tngodEnde... 
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TEE STRUTS. 

The following tables are for even tees. For single uneven tees, 
find the least radius of gyration from the table of elements, page 
101, and proceed as described for angle struts, on page 135. 

When a pair of uneven tees are braced together in the direc- 
tion of the shortest leg, they form a single strut, whose least 
radius of gyration is the same as the greatest radius of gyration 
for a single tee. 

Therefore, when determining the resistance of the combined 
strut, take the greatest radius of gyration from the table on page 
101, and the least radius of gyration, when determining the dis- 
tance between centres of lateral bracing. 

Example. — A pair of uneven tees 5 x 2^ inches, whose total 
area is 6. 1 square inches, are braced together in the direction of 
the shortest leg, forming a single hinged-ended strut 15 feet 
long. What is the greatest safe load, and what the greatest 
distance between centres of lateral bracing ? 

By table on page 101, greatest radius of gyration = 1.14 inches, 

— = 158, which by Table No. 2 gives 8,100 lbs. per square inch, 

T 

or 18,900 lbs. total greatest safe load. 

Least radius of gyration = . 72, which multiplied by 158 gives 
113 inches as the greatest distance between centres of lateral 
bracing. 
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No. 11. 
PENCOYD TEES AS STRUTS. 

GREATEST 8AFB LOAD IN LBS. PER SQUARE INCH OF SECTION. 

When the Btrut is free to fall in the direction C. D. Using factors of safety 
given in previous table. 



Size of Tee. 



n 



4"x4 



r — '84 



3i"x3i 



tt 



ft 



t — '74 



3"x3 



r =» ••a 



2i"x2i 



n 



r — •*» 

2J"x2i" 

r =- '47 

2"x 2" 

r— •4i 

IfxlJ" 
li"xli" 

r— ••« 



Condition 

OF 

Ends. 



Fixed Ends.. 

Flat Ends 

Hinged Ends. 
Round Ends. . 

Fixed Ends.. 

Flat Ends.. . 
Hinged Ends. 
Round Ends. . 

Fixed Ends.. 
Flat Ends.... 
Hinsred Ends. 
Round Ends. . 

Fixed Ends.. 
Fiat Ends.... 
Hinged Ends. 
Round Ends. . 



Fixed End*.. 
Flat Ends.... 
Hitiged Ends. 
Round Ends. . 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 

Fixed Ends.. 
Flat Ends.... 
Hinged Ends, 
Round Ends.. 

Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Length in Feet. 



2 


4 


13160 


10260 


13160 


10360 


12610 


9900 


11840 


8150 


13780 


9500 


1-2780 


9590 


12190 


8780 


11360 


7330 


11890 


8650 


11890 


8650 


11240 


7750 


10390 


6230 


11400 


8090 


11400 


8070 


10730 


7040 


9660 


5350 


10770 


7410 


10770 


7330 


10040 


6100 


88-iO 


4440 


10340 


6990 


10340 


6730 


9590 


5500 


^60 


8870 


9590 


6230 


9590 


5790 


8780 


4580 


7330 


2960 


8800 


5390 


8800 


4830 


7910 


3570 


6400 


2120 



6 



8140 
8120 
7100 
5430 

7630 
7590 
6410 
4760 

6830 
6490 
5380 
3650 

6170 
6740 
45:« 
2910 

5270 
4680 
8410 
2010 

4600 
4040 
2760 
1500 

8660 
3040 
1910 
1070 

2760 

2340 

1330 

750 



8 



6910 
6600 
5S90 
3760 

6220 
5790 
4580 
2960 

5190 
4."i00 
3310 
1940 

4370 
3710 
2440 
1430 

8370 

2800 

1710 

950 

2800 

2380 

1350 

760 

1980 

1760 

950 

550 

1500 

1200 

670 

870 



10 



6670 
5180 
8950 
2390 

4910 
4360 
2970 

ino 
ae9o 

3070 
1930 
1090 

2940 

2480 

14.W 

810 

8070 

1830 

990 

670 

1730 

1470 

790 

440 

1250 
930 
560 
800 

880 
540 
360 
200 



12 



4580 
3870 
2600 
1500 



14 



8500 
2900 
1800 
1000 



a660> 2710 
•3040 2300 



1910 
1070 

2590 

2310 

1230 

700 

1990 

1730 

820 

540 

1430 

1130 

640 

850 

1140 
840 
510 
270 

800 
470 
810 
180 



1800 
740 

1890 

1590 

860 

490 

1440 

1140 

640 

360 

990 
670 
420 
230 

790 
460 
800 
170 



TABLES OF STRUTS. 



143 



No. 11. 
PENCOYD TEES AS STRUTS. 

lA 



>±-. 



IB 

Riidius of gyration taken aronnd axis A. B. which also indicates the direc- 
tion of piu when strut is hinged, r in marginal columns indicates radius of 
gyration around axis A. B. 



Length in Feet. 


C(WDITION 
OF 

Ends. 


Size op Tee. 


16 


18 

2020 

1790 

970 

560 

1580 

1800 

710 

400 

1050 
730 
450 
240 

780 
450 
300 
370 


20 


22 


24 


26 

910 
570 
870 
200 


28 

740 
430 
280 
170 


2660 

2260 

1270 

720 

1980 


1650 

1380 

750 

4:20 

1250 
930 
560 
800 

810 
480 
310 
180 


1850 

1030 

600 

380 

990 
670 
420 
230 


107C 
770 
470 
250 

feOO 
470 
310 
ISO 


Fixed Ends.... 

Flat EndH 

Hinged Ends... 
Round Ends 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends 

Fixed End? ... 

Flat Ends 

Hinged Ends... 
Round Ends.... 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends 


4"x4" 
3i"x'3i" 


1760 






950 








550 






r — -74 


1400 






3"x 3" 


1090 










620 












850 










r — .M 


1040 










2j"x2i" 


THH 












450 














240 












T = 'ftS 


700 












2i"x2i" 


400 














260 
















160 














r «= -47 















Size of Tee. 


Condition 
OF Ends. 


Length in Feet. 


2 


4 


6 


8 


10 


12 


14 


H"xii" 


Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends.... 

Fixed Ends.... 

FlatEndu 

Hinged Ends... 
Round Ends. . . . 


8000 
7970 
6910 
5200 

7860 
7830 
6720 
5100 


4250 
8-80 
2;^ 
1850 

4000 
a?40 
2130 
1280 


1870 

1650 

890 

510 

1750 

1500 

810 

450 


1000 
670 
480 
230 

920 
680 
880 




















r — -87 








l"xl" 






















r =- -M 


210 














, 
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No. 12. 
LATTICED CHANNEL STRUTS. 

GREATEST SAFE LOAD IN LBS. FEB SQUARE INCH OF SECTION, 
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES, q 



For a pair of braced channels or for a single channel secnred from 
flexure m the direction of the flanges and liable lo fail only in the 
direction of the web CD. A- 

r in tiie marginal columns gives the radius of nTation for axis 
A By or for either axis of the combined pair of channels. See de- 
scription, page 121. 



t 



SlEB 
OP 

Channel 



15 



/; 



r ^ 5>A1 

D= "•'' 

12"H-y 

r— 4'6» 
d — T'5 

12"L't 

p — 4-6S 
D» 10*9 
d . T-T 



10 



*t. 



H'y 

r — f»9 

D— ••• 

d = e«a 

lO'Vt 

r -=> 3 '69 

d = e-» 



9"He'vy 

r = S>4» 
d = 5«4 

9 "Light 

r -= 8*48 
d =» ••« 



Condition 

OF 

Ends. 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends.... 
Flat Ends . . . . 
Hinged Ends... 
Round Ends. . . . 



Fixed Ends.. 
Flat Ends . . . . 
Hinged Enrls, 
Round Euds. . 



Fixed Ends..., 
Flat Ends ..... 
Hinged Ends.. 
Round Ends... 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends.. 
Plat Ends.... 
Hinged Ends. 
Round Euds. . 



Fixed Ends.. 
Flat Ends.... 
Hingt^ Ends. 
Round Ends. . 



Length in Feet. 



6 



8 



10 



14110 
14110 
13(540 
13U00 
2.05 



14240 13570 
142-10,13570 
13790 130S0 



13163 
1.61 

14240 
14240 
13790 
13160 
1.30 



12330 
2.02 

13570 
13570 
13050 
123:» 
1.62 



12 



13840 13900 12140 
13840 12900 12140 



13570 
13570 
13050 
12330 
2.46 

12780 
12780 
12190 
11360 
2.42 

12780 
12780 
12190 
11360 
1.94 



13:i50 12320 



12670 
1.71 

18700 
13700 
132O0 
12500 
1.43 



11520 
2.14 



11510 

10600 

2.67 



12900 12140 
12900 12140 
123201 11510 



11520 

i.n 



14240 18300 12400 
14240; lS3tK) 12400 
13190112760 11780 
13160 12000 l<i900 
1.18| 1.68 1.97 

14240 13300 12400 
142401 1&300 12400 
137901 12760 11780 
13160 12U00 10900 
1.03 1.38 1.72 



10600 
2.13 

11580 

11580 

10910 

9900 

2.36 

11580 

11580 

10910 

9900 

2.08 



14 



16 



18 



20 



n 



12900 12400 11890 11400 11040 
12900 12400 11890 11400|11(MO 
12320 11780 11240 10720 10330 



11620 10900 102901 



2.87 3.28 



3.60 



121401158011130 
12140 11580 lll:« 
11510 1091010420 



9660 
4.10 



9no 

4.61 



10600; 9900 
2.83 3.28 



9290 
3.64 



121401 1580 11180 
12140 11580 11130 
11510,10910 10420 



10600 10170 
10600 10170 



10600 
2.27 



9900 
2.69 



9290 
2.92 



11490 10950 10430 

11490 10950 10430 

1082010230 9680 

9780 0060; 8370 

2.99 8.42 3.86 



11490 

11490 

10620 

9780 

2.4B 

10950 

10950 

10230 

9050 

2.76 

10950 

10»50 

10230 

9060 

2.41 



10950 

10950 

10230 

9060 

2.84 

10340 

IttMO 

9590 

8260 

3.16 

10340 

10;:M0 

9590 

8260 

2.76 



10340 

io;i40 

i^90 
8260 
3.19 

9760 
9760 
8960 
7530 
3.66 

9760 
9760 
8960 
7530 
3.10 



9660 

8600 
4.C4 

10600 

10600 

9660 

8600 

3.24 



9410 
(O40 
4.44 

10170 

10170 

9410 

8040 

3.66 



9920' 9430 
gO'JO 9430 
9140 mxi 
77/0 7140 



4.28 

9840 
9K40 
9050 
7630 
3.66 

9190 
9190 
83 
6850 
3.04 



4.71 

9350 
9850 
K510 
7040 
3.00 

8650 
8650 
7750 
6220 
4.33 



9190 8650 
Ol'.iOi 865(1 
SaWi 7750 



6850 
3.44 



6220 
3.78 
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No. 12. 
LATTICED CHAIirNEL STRUTS. 

GREATEST SAFE LOAD IX LBS. PER BQUABE INCH OF SECTION, 
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES. 



<d) 






The channels must be connected so as to 
insure unity of action and separated not 
less than the distances Dord respectively, 

f:iven in inches in the marginal columns. 
' igures in heavy type under each length 
represent the greatest distances apart in 
feet oh each channel that centres of lateral 
bracing should be placed. 




Length ik Febt. 



94 



10600 

106U0 

0U60 

8710 

4.82 

9760 
9700 
8960 
7580 
4.86 

0760 
9760 
8960 
7660 
8.60 

8960 
8960 
8060 
6680 
6.13 

»«0 
8R80 
8000 
6490 
4.M 

8280 
8Sit> 
7800 
0780 
4.78 

8280 

8«ao 

?M0 
5660 
4.18 



86 



10860 

10060 

9500 

8150 

6.33 

9870 
9970 
8480 

0950 
6.26 

9270 
9270 
8480 
6950 
4.21 

8480 
8480 
7500 
5000 
6.66 

8480 
8420 
7000 
5090 
4.61 

7950 
7920 
6840 
5980 
6.12 



88 



80 



8140 
8180 
7100 
54'M 
6.90 

8140 
8120 
7100 
5420 
4.07 

7680 
7590 
6410 
4760 
6.62 



7900 7500 
7870 7M0 



67»> 
6160 
4.47 



&S40 
4890 
4.82 



88 



0080 9500 9190 8880 8580 

9920 9590 9190 8880 8580 

9140 8780 8880 8000 7670 

7720 7890 6650 6490 6180 

6.74. 6.16 6.56 6.97 7.38 

8880 85db 8280 7950 7720 

8S80 8500 Saau 7900 7660 

8000 7580 7840 6640 6560 

6490 6040 SeOO 5880 4890 

6.66, 6.06 6.47 6.87 7.26 

8880 8S00 8830 7950 7720 

8680, 8500 8220 7980 7680 

8000, 7560 7240 6840 6530 

6490' 6040 6660 5280 4890 

4.64 4.86 6.19 6.51 6.84 

7800 7590 7880 7070 

7880 7540 7210| 6640 

6720 6840 6!^ 5620 

5100 4690 4820 8960 

6.42 6.86 7.28 7.71 

7810 7540 7280 7090 

7780 7500 7140 6780 

6650 ffiSO 5920 5560 

5080 4680 42710 8920 

6.32 5.68 6.08 6.30 

7820 7080 6750 6440 

7210 6780 6370! 6080 

5960 5660 517(r 4820 

4820 8080 8540 8200 

5.01 6.30 6.70 7.00 



84 



86 



88 



40 



7380 0900 



7140 
5080 
4270 
5.16 



5000 

8870 
6.50 



6710 6400 

6810 6970 

5110 4770 

8490 8150 

5.86 6.10 



8280 
8270 
7800 
5780 
7.70 

7500 
7460 
6280 
4560 
7.i 

7500 
7450 
6280 
4560 
6.16 

6880 
0490 
5280 
8660 
8.14 

6790 
6480 
6220 
8000 
6.74 

6180 
5700 
4460 
2870 
7.40 

6090 
56.V) 
4440 
2880 
6.64 



8090 
8070 
7040 
5850 
8.20 

7240 
7060 
5660 
4210 
8.00 

7^260 
n40 
5020 
4870 
6.40 

6660 
6160 
4960 
&340 
8.67 

6680 
6110 
4910 
8290 
7.10 

6640 
5380 
4160 
8560 
7.88 

5800 

5:mo 

4120 
8510 
6.88 



Condition 

OF 

End0. 



SiZB 
OF 

Channel. 



Fixed Ends..., 

Flat Ends 

Hinged Ends... 
Round Ends . . 



Fixed Ends 

Flat Ends 

Hinged Ends. . 
Round Ends. . . . 



Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends.... 



Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends 



Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends.... 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends. . . 



15" 



12 



n. 



H7 

I = 4 • ft6 
D=lO-» 

r -=» 4'»« 

d= T«T 



10"h', 

D= ••• 



IC'L't 

r — 3 • 8t 
d» 6't 



9"He'vy 

r =■ »-4» 



4— ft'4 



9 



ft. 



Light. 

r — I-4S 



d— 






11 
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No. 18. 
LATTICED CHANNEL STRUTS. 

QBEATEST SAFE LOAD IN LBS. PER SQUARE IKCH OF BECTIOK, 
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES. 



C 



For a pair of braced channel? or for a single channel iecnred from 
flexure m the direction of the flanges and liable to faU only in the 
direction of the web C I). ji- 

r In the marginal columnB f^ves the radins of gyration for axis 
A By or for either axis of the combined i>air of channels. See de- 
scription, page 121. 



hB 



\^^ 



8lZK 
OF 

Channsl 



8 



ff. 



He'vy 
T ^ s«o« 

d — 4*8 

8 "Light 

r — fM 

D = ^-i 

d — 5*0 

7"He'vy 

r — i-«8 
D_ 6-6 

d — a«t 

7 "Light 
r— a>e4 

D= *•» 

d » 4 a 

6"He»vy 

r — a>s« 
D— »•» 

d — S*8 



Condition 

OP 

Ends. 



Fixed Bnds.. 
FlutEnds.... 
Hinged Ends. 
Round Ends . 



Fixed Ends.. 
Flat Ends ... 
Hinged Ends. 
Round Ends . 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends . 



Fixed Ends.. 
Flat Endt<.... 
Hinged Ends. 
Round Ends . 



Fixed Ends.. 

Flat Ends 

Hinufed Ends., 
Round Ends . 



Length in Fbkt. 



6 "Light Fixed Ends. 
Flat Ends... 



r — a-ar 
d — a>5 



Hinged Ends. 
Round Ends . 



14380 

'14380 

,13»40 

13330 

l.li 

14ii40 
14:240 
13790 
13160 
.90 



6 



18840 
ISSiO 
13350 
18670 
1.39 

18970 
18970 
13500 
12830 
1.16 

13433 
13430 



8 



10 



18 



12900 11890 11180 10480 
12900 11890 11180 ll»4a0 



14 



16 



18 



1*2320 

11520 

1.86 

12900 
12900 



11240 10420 

10290; 9290 

2.88 2.78 



11890 

11890 

1232011240 

1152010290 

1.56 1.94 



11180 

11180 

10420 

9:>90 

2.33 



12270 11810 10620 
12270 11310 10520 



1290011165010620 



12170 10750 



1.48 



1.96 



9530 
2.43 



9770 
8490 
2.91 



18430 122701131010480 
18430 12270 1131010480 



12900 11650,10620 
l-il70, 107501 9530 



1.321 1.76 



2.20 



1»00' 11670 10770 
12900,11670 10770 
12320, 11010 1 10040 



5 He*vy; Fixed Ends., 

Flat Ends.,.. 
Hinged Ends. 
Round Ends . 



r — l'»S 

d — a>5 



11520 10020 
1.70 2.27 

12900 11660 
12900 11560 
12330 10910 
11520 99C0 
1.36 1.80 



13700 12140 10660 
13700 12140 108ti0 
18200 11510 10130 
12500 10600 89:^0 
1.16 1.74 2.32 



8820 
2.84 

10690 

10690 

9950 

8710 

2.25 

9840 
9840 
9050 
7630 
2.90 



9660 
8370 
2.04 

9920 
9920 
9140 
7720 
3.41 

9760 

9760 
8960 
7530 
2.70 

8800 
8800 
7910 
6400 
3.4B 



9660 
8370 
3.25 

10520 

10520 

9770 

8490 

2.72 

9700 
9760 
6900 
7580 
3.40 

9660 
9660 
6870 
7430 
3.03 



9760 9190 
9760 9190 
8960 6380 



7530 
3.71 

9640 

9050 
7680 
8.10 

9040 
9040 
8160 
6670 
3.88 

6900 
6960 
8060 
6580 
3.62 



6850 
4.18 

9190 
9190 
8880 
6850 
3.49 

8870 
6370 
7430 
6880 
4.37 



20 



8B80 
8580 

7«ro 

6180 
4.64 

8S80 
6580 
7870 
6180 
3.88 

7960 
79S0 
6640 
5230 
4.86 



9110 8870 



9110 
6250 
6760 



6370 

7430 
5880 



3.98 4.64 



8880 
8880 
8000 
6490 



6160 
8170 
7170 
5490 



3.16 3.60 



8090 7500 
8070 7450 
TOlO' 6220 
5350 4560 
4.66, 4.64 



6380 7900 
68ao; 7870 
7370 6760 
5810 5160 
3.96 4.40 

786o! 7410 
7830 7330 
6720 6100 



5100 
6.11 

7720 
7680 
6530 
4890 
4.06 

0990 
6?^ 
5500 
3870 
6.22 



4440 
6.68 

7240 

7060 
5860 
4210 
4.60 

6490 
6070 
4860 
8240 
6.80 



1 
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No. 13. 
LATTICED CHANNEL STRUTS. 

OBEATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION, 
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES. 

The channels must be connected so &9 to 
insure anity of action and separated not 
less than the distances Dor d respectively, 

fiven in inches in the marginal columns. 
Igures in heavy type under each length 
represent the greatest distances iipart in 
feet on each channel that centres or lateral 
bracing should be placed. 



^ 



<a> 



■D 



Length in Feet. 



22 



8140 
8120 
7100 
6420 
6.10 

8140 
8120 
7100 
6420 
4.27 

7540 
7500 
6280 
4ttd0 
BM 

7600 
7450 
6220 
4560 
AM 

6990 
6720 
5500 
8870 
6.25 

6830 
64-0 
6280 
8650 
i.M 

6020 
6470 
4260 
2640 
6.38 



24 



7770 
7780 
6690 
4960 
6.67 

7810 
7780 
6650 
6060 
4.66 

7190 
7020 
5800 
4150 
6.82 

7110 
6900 
5680 
4000 
6.28 

6580 
6160 
4960 
.3340 
6.82 

63.50 
5930 
4720 
8100 
6.40 

5430 
4880 
8620 
2150 
6.06 



26 



7410 
7880 
6100 
4440 
6.03 

7450 
7890 
6160 
4500 
6.04 

6830 
6490 
5*^80 
3650 
6.31 

6750 
6370 
5170 
3540 
6.72 

6130 
6700 
4480 
2870 
7.38 



28 



7070 
6640 
6620 
8980 
6.60 

7110 
6900 
6680 
4080 
6.43 

6440 
6(120 
4820 
8200 
6.79 

63.50 
6930 
4720 
3100 
6.16 

5710 
5230 
4010 
2430 
7.96 



80 



6920 5470 

.5470 4930 

42.50; 3680 

2640 2190 

6.86 6.30 

4910; 4410 

4260, 8750 

2970, 2180 



1710 
7.64 



1440 
8.12 



0750 
6870 
5170 
8640 
6.06 

6790 
6480 
6220 
8600 
6.82 

6060 
5610 
4890 
27rO 
7.28 

6960 
5520 
4300 
2690 
6.69 

5270 
4680 
8410 
2010 
8.62 



32 



6440 
6020 
4820 
8200 
7.42 

6490 
6070 
48»0 
8240 
6.21 

5670 
5180 
8960 
2390 
7.76 

6&{H) 
5080 
8840 
2310 
7.03 

4870 
4220 
2930 
1690 

o.co 



6080 4610 

4390| 3960 

8110 2680 

1790 1550 

6.76j 7.20 

3930 .3.530 

:)28() 2920 

20HO| 1820 



1190 
8.70 



1010 
0.28 



34 



6000 
6650 
4440 
2820 
7.80 

6130 
6700 
4480 
2870 
6.60 



86 



67B0 
6280 
4060 
2470 
8.36 

6800 
6840 
4120 
2610 
6.00 



88 



Condition 

OF 

Ends. 



6480 Fixed Ends.. 
4880 Flat Emls . . . 
8620 Hinged Ends. 
2150 Kouud Ends . 
8.82 

6510' Fixed Ends.., 

4980 Flat Ends 

3780 Hinged Ends. 
2380 Round Ends . , 
7.38 



.5810 4950 4570 Fixed Ends 
4730 4300, 8920 : Flat EndH. 
8460! 8010 2640 Hinged Ends. 
2040 1780 1530 Bound Ends . . 
8.26! 8.73 0.22 



6190, 4820 
4590 4170 
aSlO' 2890 



1940 
7.47 

4450 
.3790 
2580 
1460 
0.66 

4170 
3500 

22.')0i 

1310; 

7.66' 



1660 
7.01 



4450 Fixed Ends.... 

3790 Flat Ends 

2520 Hinged Ends... 
1460 Round Ends 
8.36 



4060 3780 Fixed Ends. . . 

8400 3100 Flat Ends 

2180 1950 Hinged Ends.. 
121.0 lirO, Round Ends.. 
10.22 10.70 



He'vy. 

r ■=' a'3« 

D = »•* 

d — 8'» 

3830 .3460 Fixed Ends. . . . 6 ' 'Light. 

3190 2870 Flat Ends I , » a-ar 

2020 1770 Hinged Ends...: t^ _ 6s 

1150 980 Round Ends . ~ 

8.10 8.66 



Size 

OF 

Channel 



8 'He'vy 

r -=• 8'0« 

D = '•« 
8 "Light 

r — ' 3«0» 

D = '•» 

d "- 6*0 

7 "He'vy 

r — a*«8 
D = 6.6 
d — »'9 

7 "Light. 

r — 2-64 

D = ••! 



4-a 



G 



f. 



I 



2780 2500 Fixed Ends . . . 

2360 2140 Flat Ends 

1180 Hinged Ends.. 
670 Round Ends . . 



3150 
2640 
1.570 
880 
0.86;10.44;il.02 



1340| 
760! 



a-6 



ft. 



He'vy 

r ~ 1 • B8 

D = *•» 
d — «•• 
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No. 14. 
LATTICED CHANNEL STRUTS. 



GREATEST 
USING 



SAFE LOAD IN LBS. 
FACTORS OF SAFETY 



PER SQUARE INCH OF 8ECTI0K, 
GIVEN IN PREVIOUS TABLES, g 



For a pair of braced channels or for a sinsle channel secured from [3 ^ 
flexure in the direction of the flanges and liable to fail only in the 
direction of the web C D. a\^'B 

r in the marginal columns gives the radius of g]rration for axis 
A B^ or for either axis of the combined pair of cEaonels. See de- \\ 
scripiion, page 121. Lpa 



Size 

OF 

Channel. 



5" 



Light... 
d — a-8 



4" 



Heavy. . . 



4" 

Light... 

r — 1-84 

d — a*o 



r — 1«1« 
d = I'l 

r =- '86 
d — •84 
Citt 



r — '74 

d = 'eo 



Condition 

OP 

Bnds. 



Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends.... 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends.. 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends., 



Fixed Ends 

Flat EiKis , 

Hinged Ends.. 
Round Ends.. 



Fixed Ends 

FlatEnris , 

Hinged Ends.. 
Round Ends.. 



Fixed Ends 

Flat Ends , 

Hinged Ends.. 
Round Ends.., 



Length in Feet. 



S 



14340 
14;S40 
13790 
13160 
.79 



isaoo 

13300 
12760 

taooo 

1.01 



12780 
12780 
12190 
11360 
M 



6 



18570 12010 
18570 12010 



isa^) 

12330 
.98 



12900 
13900 
12320 
11520 
1.29 



12<)00 
12900 
12320 
11520 
1.26 



11670 
11670 
11010 
10020 
1.69 



10340 

10340 

9590 

8260 

2.08 



9590 
9590 
8780 
7330 
1.68 



11880 

10440 

1.43 



11220 

11220 

10620 

9410 

1.94 



11130 

11130 

10420 

9290 

1.87 



wwu 
9840 
9050 
7630 
2.38 



8180 
8170 
7170 
5490 
3.03 



7680 
7590 
6410 
4760 
2.62 



8 


10 


IS 


14 


10770 


9680 


8650 


8000 


10770 


9680 


8050 


7970 


10040 


8870 


7750 


6910 


8820 


7480 


6220 


5200 


1.91 


2.39 


2.87 


8.35 


9840 


8650 


7810 


7150 


9840 


8650 


7780 


6960 


9050 


7750 


fi650 


5740 


7630 


6220 


6080 


4090 


2.68 


3.28 


3.88 


4.62 


9840 


8580 


7810 


7110 


9840 


8580 


7780 


6900 


9050 


7670 


6650 


5680 


7630 


6130 


5030 


4030 


2.60 


3.12 


3.74 


4.37 


8280 


7370 


6490 


5590 


8270 


7270 


6070 


6080 


7800 


6040 


4860 


3840 


5730 


4380 


3240 


2310 


3.18 


3.97 


4.36 


4.76 


6950 


6750 


4610 


3560 


6660 


5280 


3960 


2950 


5460 


4060 


2680 


1840 


3810 


2470 


1550 


1030 


4.06 


6.06 


6.07 


7.08 


6220 


4910 


3690 


2710 


5790 


4260 


3070 


2300 


4580 


2970 


1930 


1300 


2960 


1710 


1090 


740 


3.36 


4.19 


6.03 


6.87 



16 



7410 
733fl 
6100 
4440 
3.83 



18 



6870 
6550 
5340 
3710 
4.31 



6490; 5840 
6070 5380 



4860 
3240 
6.17 



6440 
6020 
4820 
8200 
4.90 



47B0 
4130 
2850 
1640 
6.16 



2780 
2:^20 
1310 
740 
8.10 



1980 

1760 

950 

550 

6.70 



4160 
2550 
6.81 



5800 
6340 
4120 
2510 
6.62 



8900 
3310 
2110 
1210 
6.66 



2090 
1840 
1000 
580 
9.11 



1580 

1300 

710 

400 

7.64 
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No. 14 
LATTICED CHANNEL STRUTS. 

OBEATE8T SAFE LOAD IN LBS. FEB SQUABE INCH OF SECTION, 
USING FACTORS OF SAFETY GIYEK IN PBEVIOUS TABLES. 

The channels must be conn.'^ted so as to 
insure unity of action and separated not 
less than the distances Dord respectively, 
.g given in inches in the marginal columns. 

<»'^ Figures in heavy type under each length 

represent the greatest distances apart in 
feet on each channel that centres of lateiul 
bracing should be placed. 



> D 



• t 



Lbmoth in Fbkt. 


Condition 

OF 

Ends. 


Size 


20 


22 

5800 
5340 
4120 
2510 
6.26 

4570 
8920 
2640 
1580 
7.10 

4490 
8880 
2560 
14-0 
6.86 

2680 
2280 
1280 
780 
8.33 

1880 

106U 

610 

sua 


24 

5270 
4680 
8410 
2010 
6.74 

8960 
8810 
2110 
1210 
7.75 

8980 
8280 

2060 
1190 
7.48 

2220 
1940 
1060 
610 
8.72 

1100 
800 
490 
260 


26 

4740 
4090 
2600 
1620 
6.22 

8460 
2870 
1770 
960 
8.39 

8400 

2880 

1780 

960 

8.11 

1850 

inao 

870 

500 

9.12 

980 
600 

%K) 
210 


28 

4210 
8540 
2280 
1880 
6.70 

2970 
2500 
1450 
820 
9.04 

2940 
2460 
1430 
810 
8.73 

1610 

1330 

730 

410 

0.51 

770 
450 


80 


82 

8370 
280O 
1710 
950 
7.66 

2240 

1950 

1070 

610 

10.32 

2200 
1920 
1050 
600 
0.97 

1180 

870 

530 

280 

12.29 


84 

2970 
2500 
1450 
820 
8.U 

1920 

1700 

910 

530 

10.97 

1900 

1680 

900 

520 

10.60 

1000 

700 

440 

230 

12.60 


86 

2640 
2250 
1260 
720 
8.61 

1740 

1490 

800 

450 

U.61 

1700 

1440 

781) 

430 

11.22 

900 
560 
870 
'-iOO 
13.06 


OF 

Channrl. 


6310 
5680 
4670 

aoso 

4.78 

5190 
4500 
8810 
1940 
6.46 

6150 
4540 
8260 
1900 
6.24 

8260 
2r80 
1690 
920 
7.94 

1690 


8790 
8100 
1990 
1130 
7.18 

2590 
2210 
1280 
TOO 
9.68 

2540 
2170 
12J0 
690 
9.35 

1890 

1060 

620 

350 

11.90 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends.... 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends . . . 

Fixed Ends.... 


5" 

Light. 
D — *•» 

d — 9'» 

4" 

Heavy. 

r =■ I'M 

D— *•• 

d — !•• 

4" 

Light 

r = l-ft4 

D — »•• 

d — s-o 

3" 

r ». l'l« 

D— »•» 

d — i«i 

2i" 


1480 










Flat Ends 

Hinged Ends... 
Round Ends. . . . 




770 


290 










I -= 'SB 


430 


170 










D— »•♦ 


16.1211 la 


12.14 la-ifi'U-i? 










Fixed Ends 


d — -64 


1250 


OflO 


mo 














2" 


9301 670 470 
560! 4ar). 310 




■ 




• • • » • 


Flat Ends 

Hinged End«... 
Round Ends 










r— '74 


800 


230' 180 
9.2210 AS 




1 1 




D— «•« 


8.88 


1 










d — •• 



















150 



TABLES OF 8TBUT& 



No. 15. 
PENCOYD CHANNELS AS STRUTS. 

GREATEST SAFE LOADS IN LBS. PES SQ. INCH OF SECTION, WHENTHB 
STRUTS ARE FREE TO BEND AT RIGHT ANGLES TO THE WEB OR IN 
THE WEAKEST DIRECTION, USI^O FACTORS OF BAFETT GIVEN IN 
PREVIOUS TABLES. 



81ZB 

OP 

Channel 



15" 

12" 

Heavy.. 



12 



•1 



tl 



Light.... 



10" 

Heavy. , 



10 



■84 



tf 



Light 



9 



If 



Heavy 



9 



// 



Light.... 



Condition 

OP 

Ends. 



Length in Feet. 



Fixed Ends.... 14M) 11580 9680 

Flat Ends 114240,11580 9680 

Hinged Ends. . .' 1:^790 10910| 8870 

Round Ends. . . . 13160 9900 7430 



8 



Fixed Ends... 

Flat Ends 

Hinged Ends... 
Round Ends. . . , 



13570 
18570 
13a50 
12330 



Fixed Ends.... 12780 

Flat Ends* 12780 

Hinged Ends... 12100 
Round Ends.... 11360 



Fixed Ends. 
Flat Ends. . . 
Hinged Ends., 



10690 

10690 

9950 



8580 
8580 
7670 



8710 6130 



9590 
9590 
87G0 
r330 



13160 10Q60 



13160 
12610 



Round Ends.... 11S40 



Fixed Ends... 

Flat Ends 

Hinged Ends.., 
Round Ends. . . , 



12400 
1>400 
11780 
10900 



Fixed Ends.... 12400 
Flat Ends 12400 



Hinged Ends.. 
Round Ends 



Fixed Ends.., 

Flat Ends 

Hinged Ends. 
Round Ends. . . 



11780 
10900 



11670 
11670 
11010 
1002J 



10260 
9500 



7680 
7590 



10 



8180 7240 

8irO 7080 

7170 5S60 

M90 4210 



7320 
210 



c: 



5980 



6220 
6790 
4580 



4320 2960 



6220 4910 8660 



12 



6850 
5930 
4720 
3100 



5110 
4490 
8210 
1860 



5;90i 4260 



641U, 
4760 2960 



458U 



8150 5420 



9190 
9190 
8:330 
6850 



9110 
9110 
8!S0 
6760 



8:370 
8370 
7430 
5880 



8140 
812G 
7100 



73-20 

7210 
5«I80 
4320 



7240 
70H0 
5860 
4210 



6620 
621 u 
5010 
3390 



2970 
1710 



8040 
1910 
1070 



6910 5670 4530 

66OO! 5190! 8870 

5390: 3950 2600 

3760 2390 1500 



5840 
5:380 
4160 
2550 



5750 
62S0 
4060 
2470 



4910 
4260 
2970 
1710 



4410 3220 

3750, aum 



2480 
1440 



4330 
3t->60 
2400 
1390 



3400 

2830 

ITS* 

960 



1610 
900 



3120 

2620 

1550 

870 



2310 

2000 

11(H) 

630 



14 


16 


5480 


4570 


4880 


8930 


3620 


2640 


2150 


1530 


4060 


8220 


8400 


2690 


2180 


1610 


1260 


900 


2710 


1980 


2300 


1760 


1800 


950 


740 


550 


8500 


2660 


2900 


2260 


1800 


1270 


1000 
9Min 


r20 

1740 



2020 

1110 

630 



2240 

19.50 

1070 

610 



1660 

1390 

7«0 

420 



1490 
800 
450 



18 



3790 
«160 
1990 
1130 



2520 

2160 

1200 

680 



1560 

1800 

710 

400 



2QS0 

1790 

970 

560 



1040 
km 
840 



1690 1320 
1430 lOUO 



7.0 
430 



1240 
920 
560 
300 



590 
820 



940 
600 
:W0 
210 
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No. 15. 



PENCOYD CHANNELS AS STRUTS. 



A— 



I 




r in marginal columns is the radius of gyration talcen aronnd axis A B, 
When strut is hinged the pins are snpposfed to lie in the direction A B. 
Wlien the pins are in the direction 6'i>, consider the strut flat ended by 
this table. 







Lenotu in 


Fkbt. 


Condition 

op 

Ends. 


SlZB 


20 


22 

2540 

2170 

1210 

690 

1640 

1360 

740 

410 

990 
670 
420 
230 

1850 

1030 

600 

330 

830 
490 
3:3«» 
190 

810 
470 
310 
180 


24 

2070 

1830 

990 

570 

1360 

1040 

600 

340 

800 
470 
310 
180 

1070 
770 
470 
250 

670 
370 
240 
150 


26 

1760 

1520 

820 

460 

1100 
800 
490 
260 


28 

1520 

1220 

680 

370 

950 
610 
400 
2i0 


30 

1300 
980 
580 
3:20 

790 


32 

1090 
800 
490 
200 


31 

970 
640 
410 
220 


£6 

840 
500 
330 
190 


OF 

Channel. 


3120 

2620 

1650 

870 

1940 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends . . . 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends. . . . 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends. . . . 

Fixed Ends.... 

Flat Ends 

Hinge<l Ends... 
Ruuiid Ends. . . . 

Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends . . . 

Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends 

Fixed Ends 


16" 

r = 1»18 

12" 


1780 


460 
300 
170 








930 






Heavy. 


540 


1 




r «= 'Va 


1250 










12" 


930 








1 




560 








1 




Light. 


800 














t^ -74 


1650 


910 
570 
370 
200 


740 
430 
280 
170 










10" 


1380 




1 




750 


' 




Heavy. 


420 


1 1 




r =- -84 


1050 










10" 


730 








, 




450 






'i I 




Light 


240 






1 r;::* 




r == 't9 


102' 






« 






9" 


690 










'! 




440 








1 ' 




Heavy, 


230 










i 




r '- •68 


710 
















9" 


400 










, 1 




Flat Ends. . .. 
Hinged Ends... 
Round Ends 


260 










, , . . 1 




Light. 


160 




• ■ • . 


• • ■ • 




• • • • 


■ • • • • • • . 





r ^ og 



r 
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TABLES OF STRUTa 



No. 16. 
PENCOYD CHANNELS AS STRUTS. 

GREATEST SAFE LOAD IX LBS. PER BQ. INCH OF SECTION WHEN THE 
STRUTS ARE FREE TO BEND AT RIGHT ANGLES TO THE WEB OR 
IN THE WEAKEST DIRECTION, USING FACTORS OF SAFETY GIVEN 
IN PREVIOUS TABLES. 



SiZB 


Condition 

OF 

Ends. 








Length in 


FEE! 


• 






OF 

Channel. 


2 

12520 
12520 
11920 
11060 


4 

9350 

' 9350 

8510 

7040 


6 

7450 
7890 
6160 
4500 


8 

6010 
5560 
4330 
2780 


10 

4610 
3960 
2680 
1550 


12 

8400 

2830 

1730 

060 


14 

2470 

2120 

1170 

670 


16 

1840 

1610 

870 

500 


18 


8" 

Heavy. . . . 

r — •?! 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends . . . 


1450 

1150 

650 

360 


8" 

Light.... 

r » .60 


Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends . . . 


11760 
11760 
11110 
10140 


8420 
8420 
7500 
5950 


6670 
6>60 
5060 
8440 


5000 
4850 
8060 
1760 


3500 
2900 
1800 
1000 


2410 

2070 

1140 

660 


1720 

1460 

790 

440 


1290 
970 
580 
320 


980 
650 
420 
230 


7" 

Heavy. . . . 

r == '66 


Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends 


12140 
12140 
11510 
10600 


8880 
8880 
8000 
6490 


7030 
6780 
5560 
3920 


5470 
4930 
3680 
2190 


4000 
3340 
2130 
1230 


2830 

2400 

1370 

770 


2000 

1780 

960 

560 


1550 

1260 

700 

890 


1170 
860 
530 
280 


7" 

Light 

r = -68 


Fixed Ends 

Flat Ends 

Hinged Ends... 
Ruund Ends . . . 


11670 
11670 
11010 
10020 


8380 
8270 
7300 
5730 


6490 
6070 
4860 
3240 


4780 
4130 
2850 
1640 


8280 

2730 

1650 

920 


2220 

1940 

1060 

610 


1610 

1330 

780 

410 


1180 
870 
530 
280 

• 


900 
560 
370 
200 


6" 

Heavy. . . . 

r ■= '67 


Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends . . . 


12270 
12270 
11650 
10750 


9040 
9040 
8160 
6670 


7190 

7020 
5800 
4150 


5670 
5180 
»*50 
2390 


4210 
a540 
2280 
1330 


8030 

2560 

1490 

840 


2150 

1890 

1030 

590 


1640 

1860 

740 

410 


1270 
960 
570 
810 


6" 

Light.... 

r = "ftl 


Fixed Ends.... 

Flat Ends 

Hinged Ends. . . 
Round Ends . . . 


11130 

11130 

10420 

9290 


7770 
7730 
6590 
4960 


5750 

5280 
4060 
2470 


3890 
3250 
2060 
1180 


2520 

2160 

1200 

680 


1690 

1430 

770 

4:30 


1200 
880 
540 
290 


870 
580 
350 
200 


• • • • 

• • • • 

. • • • 

• • • • 


5" 

Heavy.... 
r = •»• 


Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends . . . 


11490 

114*^0 

10820 

9780 


8140 
8120 
7100 
5420 


6260 

5830 
4620 
3000 


4530 
3870 
2600 
1500 


8060 

2.'>T0 

1510 

850 


2020 

1790 

970 

560 


1500 

1200 

670 

870 


1070 
770 
470 
250 


820 
480 
820 
180 



^ 



TABLES OF STRUTS. 



153 



No. 16. 



PENCOYD CHANNELS AS STRUTS. 



-B 



6 



r, in marginal colnmns. is the radios of gyration taken around axis A B. 
When strut is hinged, the pins are supposed to lie in the direction A B. 
When the pins are in the direction G A conside 
table. 



consider the strut flat ended by this 



Size 

OP 

Channkl 



5" 

Llglit . . . 

r — -46 



4" 

Heavy. . . , 

r — .fro 



4" 

Light . . . 

r — -48 



tt 



r — •4« 



2i 



// 



f — •41 



\tt 



r — '81 



Condition 

OP 

Ends. 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends . 



Fixed Ends . 
Flat Ends.... 
Hinged Ends. 
Round Ends . 



Fixed Ends 

Flat Ends 

Hinged Ends... 
Round Ends . . . 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends 
Round Ends . 



Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends . . . 



Fixed Ends..., 

Flat Ends , 

Hinged Ends . . 
Round Ends . . 



Length in Feet. 



2 


4 


6 


10600 


7190 


5000 


10600 


7020 


4350 


9860 


5800 


3060 


8600 


4150 


1760 


11040 


7680 


5630 


11040 


7640 


5130 


10330 


6470 


3900 


9170 


4b80 


2350 


10R80 


7500 


5390 


10860 


7450 


4«30 


10130 


6220 


8570 


8930 


4560 


2120 


10690 


7880 


5110 


lOtiOO 


7210 


4490 


9950 


5080 


3210 


8710 


4320 


1860 


10840 


6990 


4690 


10340 


6720 


4040 


9590 


55(K) 


2760 


8^60 


8870 


1500 


8&')0 


5190 


2'90 


8650 


4500 


2210 


7750 


3:J10 


1230 


6220 


1940 


700 



8 



3000 

2600 

1580 

860 



8760 
3130 
1970 
1120 



8500 
2900 
1800 
1000 



3220 

2690 

1610 

900 



2800 

2380 

ia50 

760 



1080 
62( 
850 



10 



1870 

1650 

890 

510 



2410 

2070 

1140 

650 



2180 

1910 

1040 

60U 



1940 

1730 

930 

540 



1730 

1470 

790 

440 



1390 810 



480 
310 
IHO 



12 



1290 
970 
580 
320 



1&30 

1850 

740 

410 



1600 

1200 

670 

370 



1860 

1040 

600 

840 



1140 
840 
510 
270 



14 



890 

550 
360 
200 



1130 
830 
510 
270 



1040 
720 
450 
240 



950 
610 
400 
220 



790 
460 
800 
170 



16 



880 
490 
820 
190 



740 
430 
280 
170 



670 
370 
240 
150 



18 



154 TABLES OF STBUTEL 

WROUGHT IRON COLUMNS OR PILLARS OF ROUND 
AND SQUARE CROSS SECTION. 

Experiments on columns of this class are not very complete, 
especially as denoting the comparative values for the various end 
conditions. The following tables, Nos. 17 and 18, are derived 
partly from experiment on actual columns, extended and com- 
pleted by comparison with the experiments on rolled struts 
from which all our previous tables of strut resistances are derived. 

Table No. 2 is taken as the basis for the working values. On 
account of the more perfect symmetry of form possessed by round 
and square sections than the shapes for which table No. 2 was 
especially calculated, the safe loads per square inch of section 
are increased ten (10) per cent, for round columns, and five (5) 
per cent, for square columns. That is, the factors of safety pre- 
viously given remaining the same, the ultimate strength is sup- 
posed to be 10 and 5 per cent, respectively greater than the 
rolled struts. 

The tables are calculated for certain thicknesses of iron vary- 
ing from I" for 2" diameter up to f" for 12" diameter, as 
marked in the margins. At the same place M represents 
the radius of gyration for the diameter and thickness given. 
When the thickness varies but a little from that given, the 
strength per square inch of section can be accepted as practically 
unchanged. But when the variation becomes of importance, 
the radius of gyration corresponding to the altered thickness 
will have to be obtained, and the strength of the column then 
ascertained from table No. 2, as heretofore described. 

The following table gives the values of the radius of gyration 
for round and square columns from 2 to 12 inches diameter, and 
from ^V of an ^^^^ to 1 inch thick. 

Example for Round Column : 

What is the greatest safe load for a flat-ended round column 
6 inches outer 'diameter, i" thick, 8.64 sq. in. area, and 18 feet 

long. r = 1.9o - =111. By table No. 2 the corresponding 

T 

safe load = 6780 lbs. -f- 10 per cent. = 7460 lbs. per sq. inch of 
section, or 64,440 lbs. for the column. 

For a square column add 5 per cent, to table No. 2, instead of 
10 per cent, as above. 
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RADII OP GYRATION FOR ROUND COLUMNS. 





Thickness in Inches varyino by Tenths. 


OUTSIDB 






















Diameter 


.1 


.2 


.8 


.4 


.5 


.6 


.7 


.8 


.9 


1.0 


OF Column 
IN Inches. 


















1 


CORRESPONDINa RADIUS OF GYRATION IN INCHES. 


2 


.67 


.64 


.61 


.68 


.66 


.54 


.52 


.51 


.60 


.60 


3 


1.03 


.99 


.96 


.93 


.90 


.88 


.85 


.83 


.81 


.79 


4 


1.88 


1.85 


1.31 


1.28 


1.-25 


1.22 


1.19 


1.16 


1.14 1.12 


5 


1.73 


1.70 


1.06 


i.ta 


1.6J 


1.57 


1.54 


1.51 


1.48,1.46 


6 


2.06 


2 05 


2.02 


1.98 


1.95 


1.92 


1.89 


1.86 


1.83!l.80 


7 


2.43 


2.40 


2.36 


2.33 


2.:» 


2.27 


2.24 


2.21 


2.18 2.15 


8 


2.79 


2.76 


2.72 


2.69 


2.66 


2.62 


259 


2.56 


2.5J 2.50 


9 


8.15 


8.11 


3,06 


3.04 


3.01 


2.97 


2.94 


2.91 


2.882.85 


10 


8.51 


8.47 


3.44 


3.40 


3.37 


3.33 


3.3J 


3.27 


3.23 3.20 


11 


8.86 


3.82 


3.79 


3.75 


3.72 


3.68 


3.65 


3.62 


3.58 3.55 


12 


4.21 


4.18 


4.15 


4.11 


4.08 


4.04 


4.01 


3.97 


3.94 3.90 



RADII OF GYRATION FOR SQUARE COLUMNS. 





Thickness in inches yaryinq by Tenths. 


Outer 




Diameter 




















across 


.1 


.2 


.3 


.4 


.5 


.6 


.4 


.8 .9 


1.0 


Flats in 




















iNCHEi. 






Corkespondino Radius of Gyration in Inches. 


2 


.78 


.74 


.71 


.68 


.65 


.68 


.61 


.59 


.58 


.58 


3 


1.18 


1.14 


1.11 


1.08 


1.04 


1.01 


,Ho 


.96 


.93 


.91 


4 


1.59 


1.55 


1..M 


1.47 


1.44 


1 41 


1.38 


1.35 


1.32 


1.29 


6 


2.00 


1.96 


1.92 


1.89 


i.a5 


1 81 


1.78 


1.75 


1.71 


1.68 


6 


2.41 


2.37 


2.;i3 


2.39 


2.25 


2.21 


2.18 


2.15 


2.11 


2.08 


7 


282 


2.78 


2.74 


2.70 


2.66 


2.fi2 


2.58 


2 55 


2.51 


2.48 


8 


3.23 


3.19 


3.15 


3.11 


3.07 


3.03 


2.99 


2.96 


2.92 2.89 


9 


3.63 


8.59 


3.55 


3.51 


3.48 


3 44 


3 40 


3.36 


3.32 3.29 


10 


4.04 


4.(10 


3.96 


3.92 


3.88 


3.84 


3.80 


3.77 


3.73 3.70 


11 


4.45 


4.41 


4.37 


4.33 


4.29 


4.25 


4.21 


4.17 


4.13 


4.10 


12 


4.86 


4.82 


4.78 


4.74 


4.70 


4.66 


4.62 


4.58 


4.54 4.51 

• 
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TABLES OF STRUTS. 



No. 17. 
ROUND COLUMNS. 



GREATEST SAFE LOADS IN LB8. PER S<2. IN. OF SECTION. 

By this table for the game ratios of - the safe loads are increased 10 per 

r 

cent, over the results obtained for previoas tables, as given in table No. 2. 



SiZB 
OUTKU 

Diame- 
ter. 



12" 

Diameter. 

i" thick.. 

R = »•»* 

10" 

Diameter. 
*" thick.. 

8" 

Diatneter. 
i" thick.. 

R = 2«« 

6" 

Diameter. 

I 'thick.. 

R = 2-oo 

5" 

Diameter. 

t" thick . 

R = »M 

4" 

Diameter. 
J" thick.. 

R=l 88 

3" 

Diameter, 
^i^" thick. 

R = I'OO 

2" 

Diameter. 
4"tliick.. 



Condition 

OF 

Ends. 



Fixed Ends.. 

Flat Ends 

Hinged Ends. 
Round Ends. . 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends.. 



Fixed Ends.. 
Flat Ends... 
Hinged Ends. 
Round Ends.. 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends.. 

Fliit Ends 

Hin<>:ed Ends, 
Round Ends. . 



Fixed Ends.. 
Flat Ends.... 
Hinged Ends. 
Ronnd Ends. . 



Fixed Ends... 

Flat Ends 

Hinged Ends.. 
Round Ends. . . 

Fixed Ends 

Flat Ends 

Hinged Ends.. 
Round Ends. . . 



Length in Feet. 



2 



6 



8 



15990 
15330 
14660 
13940 



1566014680 
1566014680 
15160 14030 
14470 13:200 



114770 
14770 



13490 
13490 



1419012810 
13380 11820 



15220 18490 12140 
1522013490,12140 
14680 12810 11360 
13940 11820 10080 



1447012540 
14470 12340 
1.3870 11790 
1302010620 

I 

13490 11570 
13490 115T0 
12610 10740 
11820, 9330 



11090 

11090 

10250 

8720 

9940 
9940 
8970 
7330 



1522012140 9940 8440 
1522012140 9940 8400 
1468011360 8970 7110 



13940 10080 7330 



13490 
13490 
12810 
11820 



9850 7820 
9850 7590 
8880 6240 
7230, 4430 



5310 

6140 
5580 
4220 
2540 



10 



IS 



14330 133S0 
14330 13350 
13700 12670 



14 



12840 11660 10690 



13490 
13490 
12810 
11820 

12440 
12440 
11680 
10480 

11000 

11000 

10150 

8600 




8740 
8710 
7520 
5750 

7380 

6880 
5560 
3780 

4510 
3770 
2420 
1390 



12640 
12640 
12000 



1264011940 
1264011940 
1200011140 
10690 9620 

11570 10780 
11570 10730 



16 



10740 
9330 

9940 
9940 
8970 
7330 

8840 
8820 
7660 
5790 

7860 
7B50 
6310 
4490 

6190 
5640 
4290 
2580 

3230 

2720 

1570 

890 



9650 
8^80 

9050 
9040 
7960 
6220 

8160 
8060 
6710 
4880 

7040 
a560 
5240 
3460 



12040 

12040 

11250 

9950 

11280 

11260 

10450 

8960 

9940 
9940 
8970 
7830 

8440 
8400 
7110 
5310 

7460 
7260 
5920 
4130 

6190 
5640 
4*290 
2580 



5110 4130 
4400 3440 
2990 2160 



1720 

2290 

2020 

1100 

630 



1230 

17<iO 

1440 

790 

440 



18 



1147D 

11470 

10640 

9200 

10640 

10640 

9750 

8170 

9200 
9200 
8170 
6460 

7860 
7650 
6310 
4490 

6740 
6270 
4920 
3150 

5400 
4660 
3260 
1880 

3300 

2780 

1610 

910 

1340 
990 
600 
330 



TABLES OF STIIUTS. 



157 



No. 17. 
ROUND COLUMNS. 

GREATEST SAFE LOADS IN LBS. PER SQ. IN. OF SECTION. 

The calculations are based on the thicknesses and radii of gyration marked 
nnder the diameters on marginal columns. See description. 



Lekoth in Fkbt. 



80 



22 



10010 10870 

10010 10870 

10050 9460 

8490 7850 



10020 

10020 

9070 

7430 

8740 
8710 
7520 
5750 

7830 
6880 
6560 
8780 

6100 
5590 
4160 
2490 

4580 
3850 
2470 
1440 

8650 

2270 

1250 

710 

1040 
680 
440 
240 



9430 
9430 
8430 
6740 

8290 
8250 
6000 
50UO 

6740 
6 -'70 
4920 
3150 

5440 
4730 
8310 
1900 

3880 
3210 

9000 
1110 

2100 

1000 
580 

810 
470 
800 
180 



34 



9850 
9650 
8880 

Tzao 

8990 
8980 
7880 
6030 

7860 
';660 
6810 
4490 

6190 
5640 
4290 
2580 

4760 
4020 
2640 
1590 

3260 

2750 

1500 

900 

1790 

1480 

810 

450 



26 



9350 
9350 
8330 
6640 

8620 
8610 
r490 
5610 

7460 
7070 
5920 
3960 

5660 
4990 
8580 
2090 

4210 
3500 
2220 
1260 

9770 

2370 

13:0 

740 

1500 

1150 

670 

370 



28 



8990 
8980 
7880 
6030 

8:50 
8190 
6840 
5010 

7040 
6560 
6240 
3460 

5110 
4400 
2900 
1720 

3670 
3060 
1850 
1030 

2820 

2040 

1110 

630 

1940 
910 

560 
290 



30 



82 



8340 
8290 
6970 
5150 

7600 
7260 
6930 
4130 

6190 
6640 
4290 
2680 

4130 
3440 
2160 
1230 

2^90 

2380 

1830 

760 

1780 

1470 

800 

450 

910 
530 

awl 

2501 200 



8640 
8610 
7390 
5610 

7910 
7780 
6380 
4b60 

6610 
6110 
4780 
8000 

4560 
3850 
2470 
1440 

8160 

2680 

1540 

860 

2000 

1740 

940 

530 

1070 
710 

460 



34 



8050 
7980 
6670 
4750 

7280 
6830 
6510 
3730 

5790 
5140 
3750 
2210 



86 



7770 
7520 
6180 
4370 

6940 
(M60 
5130 
3350 



Condition 

OP 

Ends. 



Fixed Ends 

Flat Ends 

Hin^d hnds... 
Round Ends 

Fixed Ends.... 

FlatEndH 

Hinged Ends... 
Round Ends. . . . 



5400 Fixed Ends.... 

4680 Flat Ends 

82(iOHineed£iid9... 
1880 Round End<>... 



3700 8800 Fixed Ends.... 

8t80 2780 Flat Ends 

1880 1610J Hinged Elds... 

1040 OlOiRound Ends. . . . 



2420 

2110 

1150 

660 



2110'Fixed Ends... 

1870iFlat Ei^dj* 

1000 H nged Ends.., 



1560 

1220 

690 

380 

770 
440 
280. 
170 



580 

1360 

1010 

610 

330 



Round Ends 

Fixed Ends.... 



Flat Ends 

Hinged Ends... 
Round Ends 

Fixed Ends... 

Flat Ends 

Hinged Eiids... 
Hound Ends. . . . 

Fixed Ends.... 

Flat Ends 

Hinged Ends... 
Round Ends.. . . 



Size 
Outer 
Diame- 
ter. 



12" 

Diameter. 
I" thick. 

10" 

Diameter. 
i" thick, 
R = «" 

8" 

Diameter. 
4" thick. 
R = ««»« 

6" 

Difl meter. 
f thick. 

5" 

Diameter. 
i:' thick. 
R=»«« 

4" 

Diameter. 
i'' thick. 

R= »*33 

3" 

Diameter. 

•j^fi" thick. 
R= »oo 

2" 

Diameter. 
i" thick. 
R=«« 



r 
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No. 18. 
SQUARE COLUMNS. 

GREATEST SiJ'E LOAD IN LBS. PER SQUARE INCH OF SECTION. 

By this table for the same ratios of — , ttie safe loads are increased 5 per 
cent, over the results obtained in table No. 2. 



SiZB 
OF 

Column. 



n 



i" thick.. 



,// 



^" thick 



4" 

i" thick.. 



5" 

t" thick.. 



6 



rr 



I" thick.. 



8 



ff 



i" thick.. 



10 



ft 



f thick.. 

K= 8-87 



12" 

f' thick.. 



Condition 

OF 

Ends. 



Fixed Ends.... 

BMatBndH 

Hinged Ends.., 
Round Ends. . . , 



Fixed Ends.., 

Fhit Ends 

Hinged Ends. 
Round Endat.. 



Fixed Ends.. 
Flat End^.... 
Hinged Ends. 
Round Ends. . 



Fixed Ends.. 
Flat Ends.... 
Hinged Rnds. 
Round Ends. . 



Fixed Ends.. 
Plat Ends.... 
Huiged Hinds. 
Round Ends. . 



Fixed Ends.. 
Flat Ends,... 
Hinged Ends. 
Round Ends. . 



Fixed Ends . 

Flat Ends 

Hinged Ends. 
Round Ends. . 



Fixed Ends.. 
Flat End 8.... 
Hinged Ends. 
Round Ends. , 



Length in Fekt. 



2 



4 6 



13540 108301 8160 
13540 10339 81^ 



12910 9500 
12100 8010 



0920 
5210 



14950 12160 10330 
14950 12160,10330 
1448011460 9500 



13810 10400 



8010 



13540 11690 
1354011690 
12940 10940 
12100 9750 



14390 12610 
14^^90 12«10 
13860 11950 
13120 10960 



14950 
14950 
14480 



8 



6760 
6320 
6060 
3360 



8690 
8680 
7660 

6020 



10330 

10310 

9500 

8010 



11310 

11310 

10540 

9260 



10 



5410 
4770 
3420 

2000 



IS 



4130 
3440 
2180 
1250 



14 



7690 6760 
7570 6320 



13540 12160 



ia'540 
12940 



13820 12100 



14670 
14670 
14170 
13470 



13160 



6280 
4540 



9010 
9010 
8050 
6440 



10250 

10250 

9410 

7910 



5060 
3360 



8150 
8110 
6920 
5210 



9170 
9170 
8220 
6630 



11460 10450 
10390 9150 



13540 
13540 
12940 
12100 



14:380 
14380 
13860 
13120 



11220 10330 
11220 10330 
9500 



14950 
149.50 
14480 
13820 



12480 
12480 
1180O 
10800 



13540 
13540 
12940 
12100 



142.50 
142.50 
13700 
13950 



8010 



11090 
11690 

i(mo 

9750 



12750 
12750 
12090 
11130 



13420 
13420 
12800 
11980 



3090 

2600 

1500 

850 



5830 
5280 
8960 
2380 



7420 
7180 
6900 
4180 



8400 
8370 
7260 
5460 



9410 
9410 
84H0 
6910 



10950 

10950 

10160 

8790 



12060 
12060 
11360 
10270 



12750 
12750 
12000 

iiiao 



16 



2020 

1100 

630 



4920 
4240 
2900 
1680 



6720 
6220 
5010 
3810 



7780 
7700 
6400 
4660 



8690 
8680 
7660 
6020 



10250 

10250 

9410 

8010 



11400 

11400 

10640 

9380 



12140 
12140 
11460 
10400 



18 



2310 1790 



1510 
^0 
430 



4060 
3410 
2160 
1240 



6040 
5540 
4260 
2S90 



7260 
6930 
5660 
3950 



8160 
8120 
6920 
5210 



9650 
9660 
8750 
7190 



10860 

10660 

10070 

8670 



11690 

116M) 

10940 

9750 
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No. 18. 
SQUARE COLUMNS. 

GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION. 

The calculations are based on the thicknesses and radii of gyration, 
marked under the diametern in marginal column«. See preceding descrip- 
tion. 



Lbnoth in Fekt. 



20 



22 



1440 1120 



1100 
640 
860 



8380 

2820 

1600 

960 



5370 
4710 
8370 
1950 



6670 
6230 
4960 
8460 



7690 
7570 
6280 



810 
490 
260 



2770 

2300 

1320 

780 



4670 
8980 
2650 
1530 



6130 
5650 
4370 
2680 



24 



980 
5H0 
880 
210 



2290 

2010 

1090 

630 



4060 
8410 
2160 
1240 



6660 
4970 
3630 
2140 



4540 8900 



9010 
9010 
8060 
6480 



10880 
10830 

9500 
8010 



7210 6760 
6880 6320 
6060 
3360 



5610 



8550 8160 
8530 8120 
74501 6920 
5690 5210 



9620' 9320 
9820 9320 
8940 8400 
7890 6810 



11130 10680 10250 
11130 10680 10350 



10950 
9080 



9880 9410 
8440, 7910 



96 



760 
4:30 
270 
170 



1910 

1670 

900 

510 



3540 
2940 

1800 
1000 



5090 

4340 
2990 
1720 



28 



1660 

1370 

750 

420 



3020 

2560 

1470 

830 



4500 
3800 
2480 
1440 



6310 5830 
.5840 5280 



4.570 
2870 



3980 
2380 



7820 7470 
77fi0; 7250 
6470' 5960 
4730 4230 



8790 
8790 
7800 
6170 



8490 
8470 

rmi 

5('>20 



9730 9320 
9730 9320 
8840 8400 



7300 



6810 



80 



1430 

1090 

630 

860 



82 



84 



1210 
880 
650 
290 



2650 2250 
2270! 1980 



1260 
710 



4020 
3350 
2120 
1210 



1080 
620 



1060 
710 
450 
240 



1960 

1730 

9:)0 

540 



8570 8150 
2970 2660 



1820 
1010 



5410 4920 

4770' 4240 

3420 2900 

2000 2390 



7130 6760 
6750 6320 



5480 
8780 



5060 
3360 



8200 7920 



8170 
0980 
5280 



7870 
6590 
4860 



8920 8040 
8920' 8Ki0 
7960 7H0O 



6340 



5940 



1540 
870 



4500 
3800 
2480 
1440 



6390 

5930 
4660 
2960 



7640 
7500 
6220 
4480 



8350 
8320 
7180 
5490 



36 



Condition 

OF 

Ends. 



910 
560 

870 
210 



1770 

1500 

810 

450 



2790 

2370 

ia30 

760 



Fixed Ends.. 

Flat Ends... 
Hinged Ends. 
RouudEnds.. 



Fixed Ends.. 

Flat Ends 

Hinged Ends. 
Round £nd». . 



Fixed Ends... 

Flat Ends 

Hinged Ends.. 
Round Ends. . . , 



Fixed Ends.. 

Flat Ends 

Hinged Ends. 
Round Ends. . 



4080 Fixed Ends.... 



8410 
2160 
1240 



Flat Ends 
Hinged Ends. 
Round Ends. . 



6040 Fixed Ends. 
5540 Flat End». 
426" » 
2590 



Hinired Ends. 
Round Ends 



7340 Fixed Ends .... 

7060' Flat Ends 

5780 Hinged Ends... 
4060 Round Ends.... 



8110Fi.^ed Ends.. 
80H0 Plat Ends.... 
6860, Hinged Ends. 
5180 Round Ends.. 



Size 

OP 

Column. 



2" 

i" thick. 
R" •" 



3" 

i^,r" thick 
R-»>» 



4" 



i" thick. 
R-.»" 



5" 

I" thicJ 
R- »•« 



6" 

I" thic 



[" thick, 
■so 



8" 

• • • • ■*• 



"thick, 
or 



10" 

*" thick 
K - •" 



12 



n 



f " thick. 



160 WROUGHT IRON AJXD STEEL. 



RIVETS AND PINS. 

Rivets mast be proportioned with sufficient bearing surface to 
resist crushing, and sufficient sectional area to resist shearing. 
Pins must be proportioned likewise, and also to safely resist the 
bending action which usually exists, owing to the centres of 
pressure being some distance from the centres of supports. 

The effective bearing area of a rivet or pin is equal to its di- 
ameter multiplied by the thickness of the surface it bears on. 

The shearing area is the area of the cross section of the pin or 
rivet for single shear, or double that section for double shear. 
For pins, the pressure on the pins multiplied by the leverage 
with which it acts on the pin supports is the bending moment. 
(See bending moments, page 78.) 

The ultimate crushing strength of wrought iron is taken as 
equal to its tensile strength, viz., 50,000 lbs. per square inch, 
the shearing strength at -\% of same, viz., 40,000 lbs. ^r 
square inch. The ultimate modulus of rupture is taken at 
50,000, which is a fair estimate for cylindrical sections, as the 
average of many experiments we have made on that shape gives 
nearly that amount. The annexed table gives the ultimate 
resistance for single shear, or the area of the pin multiplied by 
40,000, and the ultimate resistance to crushing, for each inch in 
thickness of bearing surface, or the diameter of the pin multi- 
plied by 50,000. 

The ultimate bending moments in inch lbs. correspond to the 
given diameter of pins, and are derived from the formula 

y_ 60,000/ 
"" radius ' 

which can be reduced to this form, 

M = 6250 X area x diameter, all in inches. 

To obtain the working resistances, these ultimate values must 
be divided by the factor of safety desirable to use. 

The following proportions of the ultimate strength are com- 
monly used for the purposes named. 



1 
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For K. R. bridges, 

For light highway bridges, 

For roof trusses, etc.. 



i of ultimate strength. 
4 of " " 

i of " ** 



Example. — A pin has its supports located three inches apart, 
and bears a load of 100,000 lbs. in the middle. What should 
the diameter of the pin be for a safety factor of five ? 

Bending moment = ^^^^^ \^- ^ ^' = 75,000 inch lbs. 

The nearest diameter corresponding to this and taking ^ of 
the tabular moments, is 4^ inches. 

The bearing value of this pin is (jl^ of table) 42,500 lbs. per 
inch of length, consequently the thickness of the metal which 
forms the pin bearings should be ^l^?^, or not less than 2.3 
inches. For shear the pin has a large excess of strength, which 
will usually be found the case if properly proportioned other- 
wise. 

11 



r 
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WBOUGHT IRON AND STEEL, 



ULTIMATE STRENGTH OF RIVETS AND PINS OP 

WROUGHT IRON. 

For the working Btrength divide ttie tabular figures by the desired factor of 

safety. 









Ultimate 




Diameter 


Area in 

Bi^UARB 

Inches. . 


Ultimate 


Crushing 


Ultimate 


IN Incheh 


Strength for 


Strength per 


Bending Mo- 


OF RIVET 


Single Shear 


INCH THICKNESS 


ment in 


OR FIN. 


IN LAS. 


OP Bearing 


Inch Lbs. 








Surface. 




^ 


.196 


7840 


25000 


614 


tV 


.248 


9920 


28125 


873 


n 


.807 


1^80 


812S0 


1199 


.371 


14840 


34375 


1695 


H 


M2 


17680 


87500 


2o;:j 


Vi 


.618 


S0720 


40625 


2632 


% 


.601 


24040 


48760 


8287 


1 inch. 


.785 


31400 


50000 


4906 


H 


.994 


89760 


56250 


6993 


a 


1.227 


49080 


62500 


9586 


% 


1.4&5 


59400 


68750 


12762 


X 


1.767 


70680 


75000 


16566 


H 


2.074 


82960 


81250 


21C65 


H 


2.405 


96200 


87500 


26805 


% 


2.761 


110440 


93750 


32357 


2 inches. 


8.141 


125660 


lOOUOO 


39263 


H 


3.547 


141880 


106250 


47109 


¥ 


3.976 


159040 


112500 


55913 


H 


4.430 


177200 


118750 


65757 


X 


4.906 


196320 


125000 


76688 


% 


5.412 


216480 


131250 


88792 


K 


5.940 


237600 


137500 


102094 


% 


6.492 


1259680 


143750 


11H825 


S inches. 


7.068 


282720 


150000 


132426 


% 


7.670 


306800 


156250 


140694 


^ 


8.296 


831840 


162500 


168514 


% 


8.946 


857840 


168750 


188705 


X 


9.621 


384840 


175000 


210459 


% 


10.321 


412840 


181250 


^288835 


h 


11.045 


441800 


187500 


268909 


% 


11.793 


471720 


193750 


285613 


4 inches. 


12.566 


502640 


200000 


314150 


^ 


13.364 


534560 


206250 


344540 


a 


14.186 


567440 


2125C0 


876816 


« 


15.033 


601320 


218750 


411057 


X 


15.904 


636160 


225000 


447300 


rs 


16.800 


6?2000 


231250 


485623 


fi 


17.721 


708840 


287500 


526092 


% 


18.665 


746600 


243750 


568700 


5 inches. 


19.635 


78.5400 


250000 


613600 


% 


20.629 


825160 


266250 


mfrts 


M 


21.648 


865920 


262500 


710326 


% 


22.691 


907640 


268750 


762266 


X 


23.758 


950320 


275000 


816667 


% 


24.850 


994000 


281250 


873627 


H 


25.967 


1088680 


287500 


933189 


% 


27.109 


1084360 


293750 


995410 


6 inches. 


28.274 


1130960 


300000 


1060277 
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STRESSES IN SOME SIMPLE FORMS OF FRAMED 

STRUCTURES. 

Ck)mpression indicated by the sign — and by solid lines. 
Tension by the sign + and by dotted lines. 

When the pre6x '' stress " is used, the load borne by the 
member is indicated; otherwise the length of the member is 
meant. 

Cranes. 

Supported at the points A and B, maximum longitudinal 
stresses, due to weight W, suspended at the end. These stresses 
are modified by the position of the hoisting chain. 




FIQ.1 /^ 




^^ ^^-'> 




D is the point where a line drawn from C at right angles to 
A B wiU intersect the latter. 



Stress^ (7= + 4-s><^ 

A JS 



Stre8s5C7=2^xTF 



" ^^= + x5^^"^Fig.2, or = -^xTrinFig.8. 

When point A is supported by inclined back stays as shown 
in Fig. 1, and when the back stay is in the plane otAB and W 



Stres8 4ir= + j^xTTxA^ 



and a resulting compression ensues on 



AB 



BE 



r 



16dL 



•smavQET moM and steel 



V 



Cbanes. 
na4 Stress CD=-^xTr 



^^c 



\ 

W4 **BN 



*' 2^2) = — stress D (/• 



Let w = the horizontal reaction at B 

CD 



w = 



AB 



xW 



B E 
Stress Bi:= + -^^r^ x « 



" AE= + 



ED 
AE 



D E 



iX (stress CD — it) 



« 



^^=-(SI^-)^^ 



■••• 



«0< KO^ 




E and J7 are points where 
lines drawn from D intersect 
at right angles A C and A B. 
X, T and Z are the angles 
formed by extending the braces 
C D and B D as indicated by- 
dotted lines, w = the hori- 
zontal reaction at B 



to = 



Stress A C 

" AB 
'• AD 



= + 



A G 
AB 

C E 
ED 

BR 



xTT. 



X TT. Stress G D — — 



or = 



+ ^-^x«^. 

— stress G D y. 

— stress B D X 



" BD = 

Sine T 
Sine X 

Sine r 
SineZ 



CD 
ED 

BD 
UD 



xW 



X w 
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Tbubsed Gibdbbs. 
Weight in Middle, 

no. e Stress A Cor 



A ^ 


^ B 


N 


■^ 






" DG=-W 



♦ ♦#■ 



® 



Weight out of Centre, 

nQ.7 , ^Cx DP 

^Stress ^ (7= + 3-^-^^-^ 



xW 



.-.-^ 



<< 



PCx^7> ^ 



Stress -A JJ = — --i-^ 77v» ^ "^ 



<< 



DC= -TT 



-•♦•- 



^ 



^jrwaZ Loads W. W. 



F1Q.8 

(w) W 



N 



N 



B 



N,^ y 



DStre8s-4jyor7)jF = + ^-^x TT 



(I 



ir^= 






stress 



^i,=_^xr 



« 



BHor CJF=- IT 



[ 





^^^—33* .-S-, 






AC 



r i 



r ^ 
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Roofs. 



w = load concentrated on each triangular apex. 



nan 




Strut Stresses, 
Stress D F= — w 



tt 






stresses on Ties, 



Rafter Stresses. 



BtresaFG- + l^w X rf^-7^ Stress C^=- 2 wx 



B C 



C B 



" AF= 






tt 



EA^-^w X 



CTT 



4t 



Fz= + ljttf X 



CG 
BO 
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Trussed Gibdesui. 



Unequal Loads Wand w. 



FIQ. 

® ® 




Stress as below on counter 
diagonals B EorHC according 
to position of greatest load. 



st««c^=-.g|x(Zz:^) 



♦ ♦• 



Fink Truss. 



•^ 



riQ. 10 

© ® ® 



Stress B For D ff= — W 



B 



/^ 



O^N. 



FN. 



>H 



°./ 



Stress CO=-iiW 



€t 



Q 



AE=z -li Wx 



A C 
C G 



Stress A For E E= + 1^W x 



AF 
FB 



44 



F GorHG= + Wx 



AG 
ClG 



FCorCH=: 



. W AG 
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BOOFS. 



w = load concentrated on each triangular apex. 



nan 




StrtU Stresses, 
Stress D F= - w 



ti 






Stresses on Ties. 



Rafter Stresses, 



StTessFG= -{-l^w x^^ Stress (7^= - 2 w x ^ ^ 



B C 



C B 



44 



AF= 



+ 2iwx^-^ 



n 



EA = ~2^w X 



err 

CB 



4t 



F= + Uw X 



CG 
BO 
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Roofs. 
w = load concentrated on each triangular apex. 
Q Strut stresses. 



FIG. 12 




Stress £r/orJri;=- wx 



Stress f^ 



<( 



GK= 



(< 



HG = 



Rafter Stresses, 

\2 "^ Cd) 

flw CB CD\ 

'\-T''CD-'^'' Cb) 

flw CB ^ CD\ 



« 



CR = - C 



7 JO CB 
2 ""CD 



^""""-cb) 



Stresses on Ties. 

r. ^ ^ ^ ^ ^ B CB 

Stress G /or Q L= + -^ x rj-^ x ^^ 



« 



„- DB CB 

2 ^ C B^ CD 



FE=z +8w X 



Z>(7 



DB 
C B 

DB 
C B 



E L = the sum of the stresses on F E and E /. 
L B =. the sum of the stresses on E L and ^ X. 
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Roofs. 
t0 = load conoentrated on each triangalar apex. 

The rafters and horizontal tie being each unlformlj subdi- 

yided. 

Sirui Stresses. 



® 



C4. WIT ^ ^^ 

©x-K© "^'^ Stressi^^=--g-x-^^ 

° • " ^ ^ ^„ Zw BB 

^^ 2 B I 




Vertical Ties. 



w 



Stress J? ^= + 2* Stress 2> /=+ tff. Stress (7 ^ =+ d iff. 



Rafter Stresses, 
Stress C7Z>= -2 w x 



GA 
CB 



" BE=-^Htifx^ 



" EF=-Z w 



CA 
OB 



- FA^-Z^w.^ 



Stress at J9 = 4- 2 U7 X 



Ebrizontal TU, 
BA 



u 



B 1= + stress 



B C 
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IE 



EA=+ •• Iff + 
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WROUGHT IRON SHAFTING. 
(For steel shafting see page 29.) 

The ultimate resistance of wrought iron to shearing averages 
about ^% of its ultimate tensile strength, i,e,, about 40,000 
lbs. per sq. inch of section. The torsional resistance of any 
wrought-iron shaft can be determined when the shearing resist- 
ance is known ; thus, 

r = . 196 d^s for round shafts, (o) 

T= . 28 ^« for square shafts. {b) 

d = diameter of the shaft in inches. 
8 = shearing strength in lbs. per sq. inch. 
2' = the torsional moment in inch-lbs., that is, the force in lbs. 
multiplied hj the length in inches, of the lever through 
. which the force acts. 

Taking s at 40,000 lbs., and assuming that in machinery the 
workihg value of wrought iron should be taken at from one- 
fourth to one-fifth of its ultimate strength, these being factors of 
safety sanctioned by good practice, we adopt the mean of the 
two, which makes the working resistance to shearing = 9,000 
lbs. per sq. inch. Putting this in terms of the torsional moment 
and of the diameter, we derive from equations a and b, 

T=17Q0 d" for round shafts, (c) 

T= 2520 <f3 for square shafts, . (d) 



d = y j=g0 for round shafts. 



(e) 



V T 
d = y 2520 ^^^ square shafts. (/) 



Example l.-^What should be the diameter of a round wrought 
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iTon shaft to safely resist a force of 1,000 lbs. acting through a 
lever 80 inches long ? 



(e) 



'V 



1000 X 80 



170U 



= 2.6 inches diameter. 



These formulaB apply to shafts subject to twisting strains 
alone. In practice, however, sucn cases seldom occur, as shafts 
are generally subjected to combined bending and twisting strains. 
As there are no experimental data for such a combination of 
forces, we have to rely on analysis, which gives the following: 



T' = M+ VM^+ T* 



(ff) 



M: 

T : 



bending moments in inch-lbs. (See page 78.) 

twisting ** *' 

a new twisting moment which, substituted for T in equa- 
tions (e) and (/), will give the desired proportions for 
the shaft. 



In revolving shafts the longitudinal stress resulting from the 
bending action is continually changing from tension to com- 
pression, and vice versa. 

It is therefore advisable, for reasons given on page 34, to in- 
crease the factor of safety as the bending stress increases com- 
paratively to the torsional stress. 

The following changes in factors of safety are recommended : 



Ratio op M to T. 


Factor of Safbtt. 


DiYiBOR IN Formula («). 


M^ .ar or loss, 


4i 


1760 


jf = .er " 


5 


1570 


M= T " 


5^ 


1430 


M = greater than T, 


6 


1310 
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Example 2, — ^Wbat shoald be the diameter of the journals of 
a wrought-iron shaft of a steam engine. The piston being Vi 
inches diam., crank 12 inches long, and the leverage from centre 
of crank to journal in the direction of the shaft being 6 inches, 
steam pressure 80 lbs. per sq. inch, making pressure on crank 
= 0050 lbs. ? 

T = 9050 X 12 = 108600 inch-lbs. 
M= 9060 X 6 = 54800 «« 



(g) T'- 54800 + V54300* + 108CU0' = 175720 inch-lbs. 

Substituting the above in equation (e), with the factor of safety 
as explained above, 

d = |/^I5Z?!! = 4.82 inches diameter, 
r 1570 

The following illustrates a case where the bending moment is 
greater than the twisting moment : 

Example 8. — A non-continuous shaft is so located that it must 
have its bearings 84 inches apart, and cany in the middle a 60- 
inch pulley driven by a 12- inch belt, the effective weight at 
centre of shaft = 609 lbs., and the belt exercises a vertical pull 
of 1000 lbs. What is the proper diameter of the shaft ? 

^ (1000 + 600) X 84 «„.-^ . u lu / «Qx 

Jf = ^ Y~^ = 83600 mch-lbs. (see page 78). 

T = 1000 X 80 = 30000 inch-lbs. 

(g) r>= 83600+ V'38600'' + aOOOO^ = 78640 inch-lbs. 

As if is greater than T, use a factor of safety of 6, which 
becomes by equation (e), 

d- «/78640 . ^. . , ,. 
r imo ~ ^^ inches diam. 

If above shaft was continuous and uniformly loaded, the 
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bending moment would be less. (See Table of Bending Mo- 
ments, page 80.) 

HORSE POWER. 

If it is desired to find the relations between horse power and 
diameters of shafts, the elements of time and velocity have to be 
considered. Taking the horse power HP at 896000 inch-lbs. 

6 28 X ^ X V 
per minute, we have HPz= ftogooQ » where F = revolu- 
tions per minute. 

(A) r=«^^. 

or in terms of the diameter by equation (c) we get, 



={/^ 



36^P 



The above will give the proper diameter of a shaft for trans- 
mitting any desired HP when the shaft is subjected to twisting 
stress alone, but, as previously stated, such a case seldom occurs, 
we must combine the bending and twisting stresses, for which a 
general rule will be given at the close of the subject. 

DEFLECTION OF SHAFTING. 

For continuous line shafting used for transmitting power in 
shops, factories, etc., it is considered good practice to limit the 
deflection to a maximum of Tiir of an inch per foot of length. 
The weight of bare shafting in lbs. = 2.6<?*/= W, or when as 
fully loaded with pulleys as is customary in practice, and allow- 
ing 40 lbs. per inch of width for the vertical pull of the belts, 
experience shows the load in lbs. to be about 13^/ = TT. 
Taking the modulus of transverse elasticity at 26,000,000 lbs., we 
can derive from the authoritative formulad the following : 



I = ^873flr» for bare shafts, (j) 



lz=z 1/175^* for shafts carrying pulleys, etc., (k) 
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which would be the maximum distance in feet between bearings 
for continuous shafting subjected to bending stress alone. 

If the length is fixed, and we desire the diameter of the shaft, 
we have, 

d — y^toT bare shafting, (t) 

d=z y .— for shafting carrying pulleys, etc. (m) 

To apply the above to revolving shafting subjected to both 
twisting and bending stress, it is necessary to combine equations 
(j) and {k) with equation (t). 

But in shafting, with the same transmission of power, the 
torsional stress is inversely proportional to the velocity of rota- 
tion, while the bending stress will not be reduced in the same 
ratio. It is, therefore, impossible to write a formula covering 
the whole problem and sufficiently simple for practical applica- 
tion, but the following rules are correct within the range of 
velocities usual in practice. 



WORKING FORMULiB FOR CONTINUOUS SHAFTING. 

For the diameter (d) in inches, and the maximum length (Q in 
feet between bearings of wrought-iron shafting so proportioned 
as to deflect not more than yJu of an inch per foot of length, 
allowance being made for the weakening effect of key seats. 



=V' 



=7 — for bare shafts, (n) 



t /70 ffp 
d — y — ^— for shafts carrying pulleys, etc., (0) 



I = \pm^ for bare shafts, (p) 



I = XjX^d^ for shafts carrying pulleys, etc., (3) 
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In the event of the whole power being received on a principal 
shaft, the proper size of the shaft can be estimated direct by 
formula {g). 

Example 4. — A principal shaft receiving 150 J3P from the 
engine, revolves 150 R. P. M., and is continuous over bearings 
located 6 feet apart, the centre of main pulley being 24 inches 
from one bearing and 48 inches from the other. The effective 
loa 1 at the centre of the pulley resulting from weight of pulley 
and shaft, and tension of belt, is 1500 lbs. What should be the 
diameter of the shaft ? 

Note. — Excepting special cases which rarely occur in practice, 
it is best to treat such shafts as non-continuous. 

By rule 5, page 79, we have, 

^ loOO X 24 X 48 O.IAAA • V lu^ 
^— *yo = 24000 mch-lbs, 

and by formula {h) we have, 

^ 63000 X 150 ^onAA • V iv. 
r= ^^ = 08000 mch-lbs., 

then, by formula {g) we have 

r'= 24000+ V24000'' + «3000'^ = 92290 inch-lbs. 
and by formula (e). 



, __ j/92290 ortA' V. 
r 1760" ~ '^^ inches. 



BELTING. 



When designing shafting, allow for the tension of belting, 
50 lbs. per inch of width for single leather belt or its equivalent, 
or 80 lbs. per inch of width for double leather belt, or its oqui- 
Talent of other material. . 
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WORKING PROPORTIONS FOR CONTINUOUS 

SHAFTING. 

TRANSMITTING POWER, BUT SUBJECT TO NO BENDING ACTION 

EXCEPT ITS OWN WEIGHT. 



DiAMBTBR 

OF Shaft in 
Inchbs. 


Max. Safb Ton- 
BioNAL Moment 
IN Inch-Pounds. 


BsTOLin 
100 


nON8 FEB 

ISO 


Minctb. 
900 


Max. Dis- 
tance IN 
Feet 

BETWEEN 




HP 


HP 


HP 


Bearings. 


H 


5040 


6 


10 


14 


11.7 


U 


7553 


9 


13 


17 


12.4 


n 


9482 


11 


16 


21 


13.0 


n 


11602 


13 


20 


26 


13.6 


2 


14080 


16 


24 


82 


14.2 


2i 


16892 


19 


29 


88 


14.8 


2i 


20048 


23 


84 


46 


15.4 


21 


28580 


27 


40 


54 


16.0 


2i 


27500 


81 


47 


63 


16.5 


2} 


86603 


42 


62 


88 


17.6 


8 


47520 


54 


81 


108 


18.6 


8i 


60417 


69 


103 


187 


19.7 


8i 


75460 


86 


129 


172 


20.7 


8J 


92812 


105 


158 


211 


21.6 


4 


112640 


128 


192 


256 


22.6 
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WORKING PROPORTIONS FOR CONTINUOUS 

SHAFTING. 

TRAKSMITTINO POWEB, AND SUBJECT TO BENDING ACTION -OF 

PULLETS, BELTING, ETC. 



Diameter 

OF Shaft in 

Inches. 


Max. Safe Tor- 
sional Moment 
IN Inch-Founds. 


Reyolu^ 
100 


nONS PER 

150 


Minute. 
900 


Max. Dis- 
tance IN 
Feet 

BETWEEN 




UF 


HP 


HP 


BSABINUS. 


u 


5940 


5 


7 


10 


6.8 


n 


7552 


6 


9 


12 


7.2 


u 


0432 


8 


11 


15 


7.« 


H 


11002 


9 


14 


19 


7.9 


2 


14080 


11 


17 


28 


8.2 


2i 


16892 


14 


21 


27 


8.6 


3i 


20048 


16 


24 


33 


8.9 


23 


28580 


19 


29 


88 


9.2 


2i 


27500 


22 


88 


45 


9 6 


2} 


86603 


24 


86 


48 


10.2 


8 


47520 


89 


58 


77 


10.8 


8i 


60417 


49 


74 


98 


11.4 


3i 


75460 


61 


92 


123 


12.0 


3i 


92812 


75 


113 


151 


12.5 


4 


112640 


91 


137 


188 


18.1 



12 
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TABLE OP CIRCLES. 

Circnmferencee or areas intermediate of those in the table, may be foand 
by simple arithmetical proportion. The diameters, etc., are in inches *, but 
it is plain that if the diameters are taken as feet, yards, etc., tbe other parte 
will also be in those same measures. 



DiAM. 


ClB- 


Arba. 


DiAM. 


ClB- 


Abba. 


DlAM. 


ClR- 


Abba. 


Ins. 


CUMF. 

Ins. 


Sq. Ins. 


Ins. 


CUMF. 

Ins. 


Bq. Ins. 


Ins. 


CUMF. 

Ins. 


Sq. Ins. 


164 


.049067 


.00019 


11 16-16 


6.08684 


2.9488 


4 16-16 


16.6116 


19.147 


1-m 


.098175 


.0 077 


2. 


6.28319 


8.1416 


6. 


16.70801 19.686 


8^ 


.147262 


.00173 


1-16 


6.47953 


8.3410 


1-16 


16.90431 20.129 


M6 


.196350 


.00:iOr 


1-8 


6.67588 


8.5466 


1-8 


16.1007 20.629 


882 


.294524 


.00690 


8-16 


6.87^28 


8.7588 


8-16 


16.2970 21.185 


1-8 


.31)2699 


.01227 


1-4 


7.06858 


8.9761 


1-4 


16.4934' 21.648 


6-82 


.490874 


.01917 


616 


7.26493 


4.2000 


6-16 


16.6897 


22.166 


3-16 


.589 49 


.02761 


8-8 


7.46128 


4.4301 


8-8 


16.8861 


22.691 


7-82 


.687223 


.03758 


7-16 


7.65768 


4.6664 


7-16 


17.0824 


23.221 


1-4 


.7^'5:^98 


.04909 


1-2 


7.85398 


4.9087 


1-2 


17.2788 


28.758 


9-82 


.8^73 


.06213 


9-16 


8.05U88 


5.1672 


9-16 


17.4751 


24.801 


5W6 


.981748 


.07670 


6-8 


8.24<i68 


6.4119 


6-8 


17.6715 


24.850 


ll-:i2 


1.0799-2 


.09281 


11-16 


8.44303 


6.6727 


11-16 


17.8678 


25.406 


8-8 


1.17810 


.11045 


8-4 


8.6:3938 


5.9396 


3-4 


18.0642 


26.967 


18-32 


1.27627 


.12962 


13-16 


8.83573 


6.2126 


1816 


18.2605 


26.585 


7-16 


1.37445 


.15033 


7-8 


9.032 8 


6.4918 


7-8 


18.4.S69 


27.109 


15-32 


1.47262 


.17257 


15-16 


9.22b43 


6.7771 


15-16 


18.65:32 


27.6t« 


1-2 


1.57080 


.196:35 


3. 


9.42478 


7.0686 


6. 


18.8496 


28.274 


17-32 


1.66897 


.22166 


1-16 


9.62113 


7.:3662 


18 


19.24-23 


29.465 


9-16 


1.76715 


.248.-)0 


1-8 


9.81748 


7.6699 


1-1 


19.6350 


30.6S0 


19-32 


1.86532 


.27(W8 


8-16 


10.0138 


7.9798 


3-8 


20.02771 31.919 


5-8 1.06850 


.:30J80 


1-4 


10.2102 


s.2fl58 


1-2 


20.^204 83.188 


21-32 2.06167 


.*W24 


616 


10.4065 


8.6179 


6-8 


20.8131 34.472 


11-16 2.15984 


.371.22 


8-8 


10.6029 


8.9462 I 


3-4 


2l.2f)58 8-.. 785 


28-32 2.25802 


.40574 


7-16 


10.7992 


9.2806 


7-8 


21. .5984 37.128 


8-4 2.a>6l9 


.44179 


1-2 


10.9956 


9.6211 


7. 


21. am, 88.4a5 


25-32 ,2.45417 


.47987 


9-16 


11.1919 


9.9678 


1-8 


22.3838; 89.871 


13-16 |2.55'->54 


.51849 


6-8 


11.3883 


10.321 1 


1-4 


22.7765' 41.282 


27-32 2.65072 


..55914 


11-16 


11.5846 


10.680 { 


8-8 


23.Hi92, 42.718 


7-8 '2.74889 


.60132 


8-4 


11.7810 


11.015 1 


1-2 


23.5619 44.179 


29-32 2.84707 


.64504 


18-16 


11.9778 


11.416 


&« 


23.9546 


46.li64 


15-16 2.!<4524 


.69029 


7-8 


12.1737 


11.798 


8-1 


24.8473 


47.173 


81-32 i8.04342 


.73703 


16-16 


1-2.8700 


i2.irr 


7-8 


24.7400 


48.707 


1. 8.14159 


.78540 


4. 


12.5664 


12.566 1 


8. 


25.1327 


50.265 


1-16 '3.a3r94 


.88664 


1-16 


12.7627 


12.M62 ' 


18 


25.6254 


51.849 


1-8 3.53429 


.99402 


1-8 


12.9591 


^S.StA 


1-4 


25.9181 53.456 


8-16 3.73064 


1.1075 


3-16 


13.1554 


13.772 


8-6 


26..3106 55.088 


1-4 8.92699 


1.2272 


1-4 


13.8518 


14.186 


1-2 


26.7085 56.7'46 


6-16 


4.128:34 


1.3o30 


6-16 


18.5481 


14.607 


6-8 


27.0962 56.426 


8-8 


4.31969 


1.4849 


8-8 


18.744* 


15.033 


8-4 


27.4889 60.182 


7-16 


4.51604 


1.6230 


7-16 


13.9406 


15.466 


7-8 


27.8816 


61.862 


1-2 


4.71239 


1.7671 1 


12 


14.1372 


15.904 


9. 


28.2743 


68.617 


9-16 


4.90874 


1.9175 


9-l() 


14.3335 


16.349 


1-8 


28.6670 


65.397 


6-8 


5.1(1509 


2.0739 


5-8 


14.5299 


16.800 


1-4 


29.0597 


67.201 


11-16 


5.:^0144 


2.2:365 


11-16 


14.7262 


17.257 


8-8 


29.45241 69.029 


' 8-4 


5.49779 


2.4063 


84 


14.9226 


17.721 


1-2 


29.8451 


70.882 


18-16 


5.09414 


2.5802 


18-16 


15.1189 


18.190 


5-8 


80.2878 


72.780 


7-8 


5.89049 


2.7612 


7-8 


16.8153 


18.665 


8-4 


80.6805 


74.602 
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TABLE OP ClBChES—Conlinued. 



DUH. 




D>A». 




DUM 


UA 




" 


1MB. 


' 


iNB.' 


Iss. 


■ T-8 


J 


U»4 


B 


aw 


B.8S 


U. 


S 


7-8 




M 


B.01 




s 


IT. 






TM 


1-4 


8 








iM 


M 






t 


'14 




!■» 






t 


l-( 


liss 


M 








88 


S.M 


M 




H 








7« 


S 


S-t 


1 


B4 




11. 


« 


74 


I 


W 






s 


It. 


S 


74 


i.m 




tl 


1-8 






a.sr 








I 








8 


U 


I 


14 




ts 


a 


-■ 




B-8 




M 


8 


M 






a'.n 


T« 






I 




B.73 


It. 


8 


-8 


B 


B4 






a 


U. 








1-t 


a 








0:98 


M 


a 


M 








1-a 




M 


1 


14 






8 






84 




8-4 












7-6 




8-4 


i 


M 




1). 




7-8 




M 


i.m 


1-e 




M. 






7.3T 






1-S 




tr. ' 




s« 




14 




14 


7:87 




41 


M 




14 


LSI 


S4 




i-a 








w 


* 








3M 


7-8 


* 


w 




^B 


i.«! 


U. 


« 


7-8 




3^4 


(.81 


1-8 


4. 










W 


4 


'1-8 


B 


18. 




fr8 


< 


1-4 


t 






l-B 


41 


84 




4 


i'.m 


H 


« 






M 


i.M 


>4 


41 




e 






74 


41 


M 


1 


B4 




U. 




74 






11.18 


1-8 




U. 






t.84 


1-4 






e 






M 






8 


■4 




1-1 






7 


4 




M 








■« 


rin 


M 




54 






3.49 


74 




H 




54 




U. 




74 


7 


4 






] 


U. 


T 


8 


d:b8 


■4 








N. 


9.M 


■S 




1-4 








-£ 




84 


7 


14 


^ise 




» 


1-3 


7 


»4 


1.84 
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TABLE OF ClRCLE&^Canttntied. 



DiAM. 


ClR- 


Arka. 


1 

DlAX. 


ClB- 


Area. 


DlAM. 


ClR- 


ABS4. 


IM8. 


cuxr. 
Ins. 


Sq. IMS. 


Ins. 


CUlfl'. 

Ins. 


S<). Ins. 


Ins. 


CUMJ'. 
1X8. 


Sq. IxB. 


MIS 


ft5.8186 


780.68 


37 8-8 


117.417 


1007.1 


44 1-4 


180.015 


1587.9 


&« 


96.2118 


736.62 


1-8 


117.810 


1104.6 


8-8 


180.406 


1646.6 


8-4 


96.6040 


748.64 


6-8 


118.802 


1111.8 


1-8 


180.801 


1666.8 


7-8 


96.9967 


748.60 


8-4 


118.596 


1119.8 


6-8 


140.204 


1664.0 


SI. 


97.3894 


754.77 


7^ 


118.968 


1186.7 


8-4 


140.666 


1678.8 


1-8 


97.7881 


760.87 


38. 


119.381 


1184.1 


7-8 


140.979 


1681.6 


1-4 


98.1748 


766.99 


1-8 


119.773 


1141.6 


46. 


141 .are 


1660.4 


8-8 


96.6675 


778.14 


1-4 


126.166 


1140.1 


1-8 


141.764 


1609.8 


1-2 


98.9602 


779.81 


8^ 


180.560 


1166.6 


1-4 


148.157 


1006.8 


5-8 


99.8599 


786.51 


1-8 


1S0.961 


1164.3 


8-8 


148.660 


1617.0 


8-4 


99.7466 


791.73 


&6 


121.844 


1171.7 


1-8 


148.948 


1688.0 


7-8 


100.188 


797.98 


8-4 


121.787 


1179.8 


6-8 


148.885 


1684.9 


tt. 


100.681 


804.25 


7-8 


122.129 


1186.9 


8-4 


148.788 


1648.9 


1-8 


100.924 


810.64 


39. 


122.622 


1194.6 


7-8 


144.181 


1668.9 


1-4 


101.816 


816.86 


1-8 


V42.dl6 


1802.3 


46. 


144.618 


1661.9 


f^ 


101.709 


828.21 


1-4 


128.308 


1210.0 


1-8 


144.906 


1670.9 


1-2 


102.102 


829.58 


8-8 


123.700 


1217.7 


1-4 


146.890 


1660.0 


6-8 


102.494 


886.07 


1-8 


124.008 


1S86.4 


8-8 


146.6B1 


1689.1 


8-4 


102.887 


842.39 


5^ 


124.486 


1288.8 


1-2 


146.064 


1696.8 


7-8 


108.280 


848.83 


8-4 


124.878 


1241.0 


6-8 


146.477 


1707.4 


38. 


108.678 


856.30 


7-8 


125.271 


1248.8 


8-4 


146.869 


1716.6 


1-8 


104.065 


861.79 


40. 


125.664 


1266.6 


7^ 


147.883 


1786.7 


1-4 


104.458 


868.31 


1-8 


126.066 


1264.6 


47. 


147.666 


1784.9 


8-8 


104.a51 


874.85 


1-4 


126.449 


1272.4 


1^ 


148.048 


1744.8 


1-2 


105.248 


881.41 


8-8 


126.842 


1280.8 


1-4 


148.440 


1768.6 


6-8 


105.686 


888.00 


1-2 


127.286 


1288.2 


8-8 


148.8il8 


1768.7 


8-4 


106.029 


894.62 


6-8 


127.627 


1296.2 


1-8 


149.286 


17W.1 


7-8 


106.421 


901.26 


f-4 


128.020 


1804.3 


6-8 


140.618 


1781.4 


U. 


106.814 


907.92 


7-8 


128.418 


1312.3 


84 


160.011 


1790.8 


1-8 


107.207 


914.61 


41. 


128.806 


1820.8 


7-8 


160.404 


1800.1 


1-4 


107.600 


921.32 


1-8 


129.198 


1838.3 


48. 


160.796 


1800.6 


8-8 


107.992 


928.06 


1-4 


129.591 


1886.4 


1-8 


161.189 


1819.0 


12 


108.885 


934.82 


8-8 


129.998 


1844.6 


1-4 


161.688 


1888.6 


6-8 


108.778 


941.61 


1-2 


130.876 


1858.7 


8^ 


161.976 


1887.0 


8-4 


109.170 


048 42 


6-8 


130.769 


1860.8 


1-2 


162.867 


1847.5 


7-8 


100.563 


965.25 


84 


131.161 


1360.0 


6-8 


162.780 


1857.0 


86. 


109.956 


962.11 


7-8 


181.554 


18J7.2 


8-4 


158.168 


1866.6 


1-8 


110.848 


969.00 


48. 


181.947 


1385.4 


7-8 


163.545 


1876.1 


1-4 


110.741 


975.91 


1-8 


1.S2.840 


1893.7 


48. 


158.988 


1886.7 


8-8 


111.184 


983.84 


1-4 


182.732 


1403.0 


1-8 


164.881 


1895.4 


1-2 


111.527 


989.80 


8-8 


133.125 


1410.3 


1-4 


164.728 


1906.0 


5-8 


111.919 


996.78 


12 


133.518 


1418.6 


8-8 


166.116 


1914.7 


8-1 


112.812 


10(13.8 


6-8 


188.910 


1437.0 


1-2 


166.509 


1924.4 


7-8 


112.705 


1010.8 


8-4 


184.803 


1436.4 


6^ 


166.908 


1984.2 


36. 


118.097 


1017.9 


7-8 


184.(^96 


1443.8 


8-4 


166.894 


1948.9 


1-8 


118.490 


1025.0 


48. 


135.068 


1452.2 


7-8 


156.68? 


1968.7 


1-4 


118.883 


1032.1 


1-8 


135.481 


1460.7 


60. 


157.080 


1968.6 


8-8 


114.275 


1089.2 


1-4 


135.874 


1469.1 


1-8 


167.478 


1978.8 


1-2 


114.668 


1046.8 


8-8 


136.267 


1477.6 


1-4 


157.865 


1968.8 


5-8 


115.061 


1063.5 


1-2 


136.659 


1486.2 


8-8 


168.866 


1993.1 


8-4 


115.454 


1060.7 


6-8 


187.052 


1494.7 


1-2 


168.650 


3008.0 


7-8 


115.846 


1068.0 


3-4 


137.445 


1503.3 


6-8 


150.048 


8012.9 


87. 


116.239 


1075.2 


7-8 


137.887 


1511.9 


84 


160.436 


8U82.8 


1-8 


116.632 


1082.5 


44. 


188.230 


1520.6 


7-8 


159.889 


8088.8 


1-4 


117.024 


1089.8 


1-8 


138.628 


1529.2 


51. 


160.221 


8048.8 



TABLE OP ( 



3; 
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WEIGHT OF BOLLED IBON. 



WEIGHT OP A LINEAL FOOT OF ROUND AND SQUAKlS 

IBON. 





Bounds. 


Squares. 




Bounds. 


Squares. 


SiZS IN 






Sub IN 
Inches. 






Inches. 


WEIGHT 
PKR FOOT. 


WEIGHT 
PER FOOT. 


WEIGHT 

PER poor. 


WEIGHT 
PER. FOOT. 




0.01 
0.041 

0.092 
0.163 


0.013 
0.053 
0.117 
0.208 


51 

8| 
8) 


29.82 
32.07 
34.40 
36.813 


87.969 
40.838 
43.802 

46.875 


i 

i 
i 


0.368 
0.654 
1.023 
1.473 
2.004 


0.468 
0.833 
1.302 
1.875 
2.552 


8J 
4 

4i 
4f 


89.31 

41.887 
44.547 
47.287 
50.11 


50.052 
53.333 
56 719 
60.208 
63.802 


1 

H 
11 


2.618 
3.313 
4.09 
4.947 

• 


3.333 

4.218 
5.208 
6.303 


4i 
4| 

4 


53.013 
56.00 
59.067 
62.217 


67.50 
71.302 
75.208 
79.219 


n 

li 

li 


5.89 
0.91 
8.017 
9.203 


7.50 

8.802 
10.208 
11.718 


6 


65.45 
68.763 
72.157 
75.633 


83.333 

87.552 
91.875 
96.302 


2 

a*- 

2J 


10.47 
11.82 
13.253 
14.706 


13.333 
15.052 
16.875 
18.803 


5i 

6} 

5i 


79.197 
82.883 
86.557 
90.36 


100.833 
105.468 
110.208 
115.052 


2^ 

23 


16.36 

18.036 

19.797 


20.833 
22.969 
25.208 


6 

5i 


94.247 
103.263 
110.61 


120.00 

130.208 

140.883 


8 
8i 


23.56 

25.563 

27.65 


80.00 

82.552 

35.208 


? 


119.28 
128.28 


151.875 
163.333 



WEIGHT OP BOLLED IBON. 
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WEIGHT OF A LINEAL FOOT OF FLAT IRON. 



• 

1 

o 

B 

a 


Thicknbss in Inches. 




tV 


i 


A 


4 


^ 


2. 


A 


i 


^ 


1 


i 


• 

1 


f 


0.16 


0.31 


0.47 


0.63 


0.77 


0.94 


1.09 1.25 


1.66 


1.87 


2.18 


2.50 


1 


0.18 


0.36 


0.55 


0.78 


0.91 


1.09 


1.28 


1.46 


1.88 


2.19 


2.56 


2.92 


1 


0.21 


0.42'0.62 


0.83 


1.04 


1.25 


1.46 


1.67 


2.C8 


2.50 


2.92 


3.33 


U0.23J0.47 0.70 


0.94 


1.17 


1.41 


1.64 


1.88 


2.34 


2.81 


3.28 


3.75 


U 0.26-0.52 0.78 


1.04 


1.80 


1.56 


1.82 


2.08 


2.60 


3.12 


3.64 


4.17 


If 0.29 


0.57 


0.86 


1.15 


1.48 


1.72 


2.00 


2.29 


2.86 


3.44 


4.01 


4.58 


U0.81 


0.63 


0.94 


1.25 


1.66 


1.88 


2.19 


2.60 


8.18 


8.75 


4.S8 


6.00 


lf'o.34 


0.68 


1.02 


1.85 


1.69 


2.C8 


2.87 


2.71 


8.38 


4.06 


4.74 


5.42 


if|o.a6 


0.73 


1.09 


1.46 


1.82 


2.19 


2.55 


2.92 


3.65 


4.37 


6.10 


5.88 


l||o.39 


0.78 


1.17 


1.66 


1.95 


2.84 


2.78 


8.12 


8.91 


4.68 


5.46 


6.25 


2 


0.42 


0.83 


1.24 


1.67 


2.06 


2.50 


2.92 


8.83 


4.17 


6.00 


6.83 


6.67 


2i0.44 


0.80 


1.88 


1.77 


2.21 


2.66 


8.10 


8.54 


4.48 


6.31 


6.20 


7.08 


2J0.47 


0.94 


1.41 


1.88 


2.84 


2.81 


8.28 


8.75 


4.69 


5.63 


6.56 


7.50 


210.49 


0.991.48 


1.96 


2.47 


2.96 


8.46 


8.96 


4.95 


6.94 


6.93 


7.92 


f^ 


0.52 


1.041.56 


2.06 


2.60 


8.12 


8.64 


4.17 


6.21 


6.25 


7.29 


8.38 


2f|0.56 


1.091.64 


2.19 


2.78 


8.28 


8.88 


4.38 


5.47 


6.56 


7.66 


8.75 


2f 0.57 


1.141.72 


2.29 


2.86 


8.44 


4.01 


4.59 


5.78 


6.87 


8.02 


9.17 


210.60 


1.201.80 


2.40 


2.99 


8.59 


4.19 


4.79 


6.99 


7.19 


8.38 


9.58 


8 


0.02 


1.251.87 


2.50 


8.12 


3.75 


4.87 


6.00 


6.25 


7.50 


8.75 


10.00 


8^0.68 


1.35 2.08 


2.71 


8.88 


4.07 


4.74 


6.42 


6.77 


8.12 


9.48 


10.88 


8i|o.78 


1.46 2.19 


2.92 


8.65 


4.38 


6.11 


5.83 


7.2& 


8.75 


10.21 


11.67 


8f0.78 


1.66 


2.34 


8.12 


8.90 


4.69 


5.47 


6.25 


7.81 


9.87 


10.94 


12.50 


4 


0.83 


1.67 


2.50 


3.33 


4.17 


5.00 


6.83 


6.67 


8.33 


10.00 


11.67 


18.38 


4i0.94 


1.87 


2.81 


3.75 


4.69 


6.63 


6.66 


7.50 


9.38 


11.25 


18.13 


15.00 


5 


1.04 


2.06 8.13 


4.17 


5.21 


6.25 


7.80 


8.84 


10.42 


12.50 


14.59 


16.67 


6 


1.25 


2.50 8.75 


5.00 


6.25 


7.50 


8.76 


10.00 


12.60 


16.00 


17.50 


20.00 


7 


1.46 


2.92 


4.87 


5.83 


7.29 


8.75 


10.20 


11.67 


14.58 


17.60 


20.42 


23.33 


8 


1.67 


8.33 5.00 


6.67 


8.84 


10.00 


11.67 


18.38 


16.67 


20.00 


28.33 


26.67 


9 


1.87 


8.75 5.62 


7.50 


9.87 


11.25 


18.12 


15.00 


18.75 


22.50 


26.25 


80.00 


10 2.06 


4.17 6.25 


8.33 


10.42 


12.50 


14.58 


16.67 


20.83 


25.00 


29.17 


8:^.33 


112.29 


4.58 6.87 


9.17 


11.46 


18.75 


16.04 


18.88 


22.92 


27.50 


82.06 


86.67 


12 2.60 6.00 7.60 


10.00 


12.50 


15.00 


17.80 


20.00 


25.00 


30.00 


35.00 


40.00 
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186 DECIMAL BQUIVALEKTS FOB FBACJTIONS. 



DECIMAL EQUIVALENTS FOE PEACTIONS OP 

AN INCH. 



Fraction. 



■fe 






ft 



■fir 
a 

4 






i 



Decimal. 



.015625 
.08125 
.046875 
.0625 

.078126 
.09875 
.109875 
.125 

.140625 
.15625 
.171875 
.1875 

.208125 
.21875 
.234375 
.25 

.265625 

.28125 

.296875 

.3125 

.828125 
.34375 
.859375 
.875 

.390625 
.40625 
.421875 
.4375 

.463125 
.46875 

.484875 
.5 



Fraction. 



is. 
4 
I 
a 






If 

ft 



.4 

1 

8 



«i 



Decimal. 



.615625 
.58125 
.546875 
.5625 

.578125 
.59375 
.609875 
.625 

.640625 
.65625 
.671875 
.6875 

.703125 

.71875 

.784875 

.75 

.765625 

.78125 

.796875 

.8125 

.828125 

.84875 

.859375 

.875 

.890625 
.90625 
,921875 
.9375 

.953125 

.96875 

.984375 
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STANDARD SBPABATORS FOR PENCOTD I BEAMS. 









S d 




^~ •= 


M 








8|i 




SJ 


-If 


CHiKT 


Size ar BiiH. 




i 




|j 


No. 


No. 


SISK 


'|i 








g -5 










1 


15 - He.yT 


83 


3.84 






1.75 


1S8 


a 


15 " I-'glit 


31 


3.13 




;; 


1.63 


133 




13 " Heavy 


16 


3.76 




1.69 


123 




12 " Light 


i4i 


3.95 




1.68 


133 




lOJ" Heavy 


"1 


3.10 




1.64 


138 


5i 


lOf Mrdlnm 


11 


3.06 






1.38 


133 




lOi" tisht 


11 


3,03 






1.53 


123 




10 " HBSvy 


10 


1,83 






1.56 


138 




10 ■' Light 


10 


l.»3 






1.S3 


138 




a '■ Heavy 


9k 


i.es 






1.S3 


138 




fi " Light 


9 


1.83 






1.48 


133 




8 " Heavy 


tl 


1.86 






1.50 


133 




8 " Ueht 


1.4B 






1.46 


133 




7 "Hemr 


4 


1.36 






0,96 


085 




7 " Light 


4 


1.36 






O.Sl 


083 




6 " Heavy 


3 


1.24 






0.80 


085 




6 ■' Light 


3 






i; 


0.87 


085 




5 "Heavy 


n 


l!lO 






0.43 


055 




5 '■ Light 


1.10 






0.43 


056 




4 " HeaTT 


2 


0.85 






0.43 


055 


ao 


4 ■■ Light 


2 


0.85 






0.39 


055 


21 


3 " Heavy 


It 


0.69 






0.38 


055 


2£ 


tl " Light 


" 


0.6a 






0.31 


055 



The fliniren In the third colDinn are the weightu In Ihe. for cB«t Iron 
nton Boltahle for beaiDH. placed witb nangea in cnnucl. When thcdi 
are eeparnted. add Ihe amount ciirretpondlDg lo Ihe dlFtnnce ot Hpiiis 
lilven In Ihe fourth column. In the same way the weight of bolts nu 



Examalt.— A peir ot n" heavy beams have the BangeBsepiirated IJ inches, 
the weight of one m-parator Kill be S. 70 « Jf + lli = 2n.l41hi.. One 1 bolt 
complete and ?uiUble for close nanees. will weight "" "- '" ■-••■'- ■■" 
K 1| = Leu, which ia the wei^t ofbolt requlnd. 
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BOLTS AND KUTS. 



BOLTS AND NTJTS. 
iuiIupactueeb's stahdabd. 



BOLTS AND NUTS, 
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BOLTS AND NUTS. 
manufacturer's standard. 



SiZB or Nut. 



Width. 


Thick- 




uess. 


8 


If 


8 


11 


8 


1} 


3 


li 


3 


2 


8 


n 


3i 


2 


8 


ik 


4 


2 


4 


ik 


4 


ai 



Hole. 



Diameter 

OF 

Bolt. 



If 

IS 

1} 

li 
ij 

n 

2 
•i 
2 

2t 
21 



Weight or Head 

AND Nut. 



Square. 



9.48 

• • • • 

11.9 

• • • • 

14.1 

• • • • 

• • • • 

18.6 
18.9 
19.8 



Hexagon. 
7.65 

• • • • 

9.42 

• • • • 

11.6 

• • • • 

12.0 
12.6 



Weight 

or Bolt 

Bodies 

PER INCH 

or 
Length. 



.576 
.676 
.668 
.668 
.767 
.767 
.872 
.872 
.872 
.985 
1.104 



The preceding tables for bolts and nuts include the sizes of 
nuts usually applied to structural work. 

The sizes known as " U. S." or " Franklin Inst." standard, 
used on finished machines, are lighter than the foregoing. 

The weights given in the fifth and sixth columns are for a 
head and nut, or for two nuts, including the portion of the bolt 
body contained in the nuts. 

^ The final column is the weight of bolt bodies of round iron per 
inch of length. To obtain the weight of any bolt : multiply the 
amount in final column by the clear length between nuts in 
inches and add in the weight of nuts as given in the fifth or sixth 
column. 

Example, — What is the weight of a bolt }" diam. jand 20" 
long between nuts, the nuts being If" sq. x \" % .123 x 20 = 
2.46 + .77 =3.23 lbs. 
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190 WEIGHT OF BRIDGE BIVETS IN POUNDS. 



WEIGHT OF BRIDGE RIVETS IN POUNDS. 



DiAlCETEB OF RiTBT. 


Wbioht oi- Two Hbabb. 


Wbioht 
Inch 


OP BODT PBB 

OF Lbngth. 


1 


.036 




.081 


A 


.058 




.042 


i 


.080 




.051 


■fir 


.120 




.069 


1 


.160 




.086 


U 


.210 




.103 


i 


.260 




.123 


a 


.850 




.144 


i 


.440 




.167 


H 


.540 




.192 


1 


.640 




.218 


ItV 


.714 




.246 


U 


.788 




276 


li 


1.07 




.841 



This table applies to rivets whose heads are a spherical seg" 
ment, the contents being equal to a hemisphere whose diameter 
equals 1^ diameters of the rivet shank plus iV^hof an inch. 
To find the weight of rivets, take the total thickness of material 
to be riveted, which will be the length of the rivet between 
heads, and multiply this by the weight per inch of length of 
rivet shank, and add in the weight of the two heads. 

Example, — Three J inch plates are to be riveted tc^ther with 
} inch rivets, required the weight of each rivet. The length of 
rivet shank equals 3 x J = 2i^ inches. Then 2i x .167= .876, 
to which add the weight of the heads .44, making .810 lb. for 
each rivet. 
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Cross-hatched portions represent 

the minimum sections, and the 
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